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Plastics are being extensively used in every 
sphere of our life and their direct and indirect contact 
with human being is rapidly increasing. The applications 
of plastic range from h o u s e h o l d , b u i I d i n g , agriculture and 
space to biomedical a r e a s . 
Plastics are basically organic polymers made up of 
chain like attachment of individual building blocks called 
m o n o m e r s alongwith some supplementary agents called 
a d d i t i v e s . The chemical additives used during the 
formulation of plastic provide desired properties to the 
final p r o d u c t . Depending upon the f u n c t i o n s , additives can 
be grouped to as p l a s t i c i z e r s , s t a b i l i z e r s , colourants, 
fillers etc. 
In comparison to other industrial ctiemicals or 
p r o d u c t s , plastics are comparatively new materials and not 
m u c h is known about their toxicogenic p o t e n t i a l . Finished 
plastics are generally considered to be safe if 
m a n u f a c t u r e d using standard chemicals in appropriate 
amounts recommended by the regulatory agencies and used for 
the purposes for which they have been designed and tested. 
The workers involved in the production of various chemical 
a d d i t i v e s , handling and processing of plastics have been-
found to suffer from diseases like d e r m a t i t i s , allergic 
responses, bronchial a s t h a m a , acroosteolysis with 
s c l e r o d e r m a , Raynaud's p h e n o m e n o n , hepatic and nervous 
disorders arid angiosarcoma of liver. The general 
population can also be exposed to the chemical components 
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of plastics since unreacted m o n o m e r s and copolymers such as 
vinyl chloride, styrene, acrylamide and chemical additives 
such as plasticizers, stabilizers, colourants, U V 
absorbers e t c . used in its processing have been reported to 
leach out into the stored commodity under certain 
conditions. Since many of these are reported to be toxic, 
users of plastics could be at risk. H o w e v e r , so far, no 
epidemics related to use of plastics have been reported 
either from India or abroad. A l t h o u g h , the exposure to 
unreacted monomers and leachable chemical additives used in 
plastics are in small a m o u n t s , but still over a long 
period it could be injurious as their accumulation in the 
biological system is p o s s i b l e . In view of the above, a 
great concern among the health scientists over the 
toxicogenic potential of plastics exist all over the world. 
In India, the m a t e r i a l s stored in plastic 
pouches/containers, in most cases have to withstand 
sunlight and elevated temperatures. In most of the rural 
areas and also in some urban a r e a s , plastic containers are 
used for the storage of pickles and vinegar etc. which are 
of acidic pH and are exposed to sunlight for curing 
Usually fruit juices, transfusion fluids, m e d i c i n e s , 
vegetable oils and some food preparations are stored in 
plastic pouches/containers for a longer period than 
a n t i c i p a t e d . In summer season packed material is exposed 
to high temperature during transportation. So far, no 
specific guide lines for the safety assessment of plastics 
under such conditions prevalent in our country have been 
provided. The ieachabiiity of the chemical additives from 
plastic materials could be m o d i f i e d by physico-chemical 
factors and may render the stored materials harmful. So, 
in the present study amount of leachable phthalate 
ester and unreacted styrene m o n o m e r have been quantified in 
order to assess the levels to which humans are likely to be 
exposed. Moreover,the toxicity of the leachable phthalate 
plasticizer and organotin stabilizer has been studied with 
respect to polyamine biosynthsis . Not only the toxicity 
of individual leachate but also effects of combind exposure 
of these leachates have also seen to evaluate the potential 
of their toxicity during their interaction. The results of 
present study have been described briefly : 
I. SAFETY ASSESSMENT STUDIES OF C O M M O N L Y USED PLASTICS 
About 500 plastic samples of 10 different types, 
procured from local m a r k e t , w e r e studied using the test 
procedure essentially based on the recommendations of BIS, 
BPF, B.Pharm., Pharm. J., N F , FDA (USA), and duly modified 
at Industrial Toxicology R e s e a r c h C e n t r e , Lucknow. The 
physico-chemical tests performed were colour and odour of 
extract, global m i g r a t i o n , leaching of UV absorbing 
o 
m a t e r i a l s , oxidisable matters and heavy metals at 40 C for 
2U hours, 60 "c for 2 hours and 60 "c for 10 days. 
It was observed that extractants of all ssunples 
studied were colourless except water carrier. There was 
some odour in the extractants of water carrier, water 
bottle brand B , and lunch box brand B while extractants of 
other plastic samples were free from any odour. The study 
of global migration in different test conditions showed 
that at a lower temperature of 40 "c for 24 hours migratory 
aptitude of leachable additives was slow but increased 
o 
consistently with the increase of temperature (60 C for two 
Q 
hours) and durations (60 C for 10 d a y s ) . Moreover, global 
m i g r a t i o n was significantly higher in acidic and alkaline 
m e d i a in comparison to aqueous and alcoholic m e d i a . It was 
also observed that migration rate in alcoholic medium was 
usually higher than aqueous m e d i u m . 
Leaching of UV absorbing materials above than the 
permissible limits was observed at higher temperature. The 
leaching pattern of UV absorbing material was similar to 
that observed in global m i g r a t i o n but significant 
quantities above the permissible limits were seen only at 
higher temperatures studied. The m i g r a t i o n of heavy metals 
M n , Pb, C d , C r , Cu and Zn were also found above the 
permissible limits. Highest migration was observed in 
acidic m e d i a . Similarly oxidising matters were also noted 
above the permissible limits from the samples studied. 
Interestingly it was more in alcoholic m e d i a . 
The obtained results suggest that leaching of 
chemical components in significant quantities depends on 
temperature, duration of c o n t a c t , and acidic and basic 
m e d i a . ntQ 
These results are significant sincfe,many of -these 
leachates have been reported to be toxic in experimental 
a n i m a l s . Mn and Pb are reported to produce neurological 
disorders. Cadmium is a nephrotoxic element and C r , C u , Zn 
have been reported to effect reproductive organs and skin 
irritations. Some of UV absorbing materials have been 
reported to produce skin irritations and even mutagenic 
changes. Of the various brands of plastic samples studied, 
25% and 75% of samples did not meet the requirements laid 
down by Bureau of Indian Standards and International 
Regulatory Standards r e s p e c t i v e l y . 
II. IMPLICATION OF PHYSICO-CHEMICAL FACTORS ON THE 
MIGRATION OF PHTHALATE ESTERS A N D U N R E A C T E D 
STYRENE FROM TUBINGS C O M M O N L Y U S E D FOR ORAL/NASAL 
FEEDING : 
The present study reveals the migration of 
phthalate esters viz. di(2 ethylhexyl) phthalate (DEHP), 
dibutyl phthalate (DBP), dimethyl- phthalate (DMP) and 
unreacted styrene under various test conditions from the 
tubings commonly used for oral/nasal feeding. These 
tubings are used in hospitals for oral/nasal feeding of 
liquid foods, juices, drugs of a c i d i c , aqueous, alcoholic 
or alkaline nature to the seriously sick patients. The 
current study shows the probable amounts of plasticizers 
and unreacted monomer to which patients would be exposed 
while using these tubings. Leaching of phthalate esters was 
estimated using HPLC and unreacted styrene with help of 
G L C . 
Implication of various physico-chemical factors 
resulted in the leaching of DEHP in higher quantities in 
all the extractants and temperatures in comparison to DBP 
and D M P . In alkaline and acidic m e d i a leaching was more 
pronounced than aqueous and alcoholic m e d i a . At room 
temperature (-25 C) the leaching of D E H P , DBP and DMP and 
unreacted styrene was slow but as the temperature increased 
o o o 
to UO C, 60 C and 70 C leaching of these chemicals was also 
o 
enhanced, maximum being at 70 C . 
o 
At 60 C for different time intervals leaching of 
D E H P , DBP,DMP and unreacted styrene was lesser on first day 
but increased in duration of contact i.e. 2,5,and 10 days, 
leaching also increased. The process of leaching slowed 
down after 10th day as there was no significant increase in 
the quantities of D E H P , D B P , DMP and unreacted styrene on 
15th day compared to 10th d a y . H e r e also acidic and 
alkaline media showed m a x i m u m quantities of these 
1eachates. 
The results of this study indicated that enhanced 
rate of leaching of D E H P , D B P , DMP and unreacted styrene 
occurred due to increase of temperature and duration of 
contact. Chemical nature of extractant also played a 
significant role. H o w e v e r , the quantities of D E H P , D B P , 
DMP leached out were low in comparison to daily admissible 
intake for human beings (1 mg/kg body w e i g h t ) , yet other 
migrants of plastics and even smaller quantities of 
environmental pollutants present in the biological system 
may increase the toxic response of even smaiier quantities 
of these leachates, reaching the patients suffering from 
various d i s e a s e s . 
III. EFFECT OF LEACHABLE PLASTIC!ZER AND STABILIZER ON 
POLYAMINE LEVELS IN R A T S . 
Polyamines are the polycationic aliphatic amines 
of low molecular weight present in all the cells. 
Fluctuations in polyamine m e t a b o l i s m in rat liver has been 
reported on exposure to hepatotoxins and carcinogens. 
Ployamines play several key roles in controlling brain 
functions such as second m e s s e n g e r s , modulation of synaptic 
transmission by influencing the neurotransmitter uptake, 
and experience dependent brain growth. Increased 
production of polyamines is reported during cell 
proliferation and neoplasia, more over induction in the 
levels of polyamines is also postulated to play a role in 
cellular defence m e c h a n i s m . In brain, inhibition of 
polyamine biosynthesis results in a selective death of 
injured n e u r o n s . 
In view of the above important roles of polyamines 
in biological systems, the present study was aimed to see 
the effects of leachable plasticizer (eg. D E H P ) ana 
stabilizer (eg. D B T L ) on polyamine levels in liver brain 
and k i d n e y . Keeping in view of the reports of smiultaneous 
migration of plasticizer and stabilizer the interaction 
studies have also been d o n e . 
8 
III A . Induction of hepatic Poiyamines by Di(2 
ethylhexyl) phthalate in rats. 
The effect of oral ' administration of DEHP 
(250,500,1000 or 2000 mg/kg body weight) for 15 consecutive 
days on levels of putrescine spermidine and spermine were 
investigated. DEHP caused a decrease in body weight gain 
in 1000 and 2000 mg/kg DEHP administered group of a n i m a l s . 
Absolute liver weights were increased significantly only at 
higher doses of DEHP i.e. 1000 and 2000 m g / k g , however the 
relative liver weights were increased significantly in all 
the treated animals in a dose dependent m a n n e r . The 
p u t r e s c i n e , spermidine and spermine levels were induced 
significantly in a dose dependent m a n n e r . The accumulation 
of spermidine was more than spermine and the 
spermidine/spermine ratio was found to increase with the 
increasing concentration of DEHP treatment. 
The dose dependent induction of hepatic poiyamines 
on administration to DEHP might probably be due to the 
cellular defence mechanism and cellular proliferation.. 
Ill B . Effect of Dibutyitin diiaurate (DBTL) on regional 
b r a i n , liver and kidney polyamine levels. 
The present investigation reports the effect of 
oral administration of D B T L , on whole brain, regional 
brain, liver and kidney polyamine levels. DBTL was 
administered orally to rats 20 or UO mg/kg body weight for 
3 consecutive days. Significant decrease in body weight 
gain was observed in animals treated with DBTL UO m g / k g . 
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It was observed that levels of p u t r e s c i n e , spermidine and 
spermine were induced significantly in dose dependent 
manner in whole brain and in selected brain regions. 
Frontal cortex, ponsmedulla, h y p o t h a l a m u s , and hippocampus 
were mostly affected regions, where polyamine induction was 
remarkable. The results suggested that induction of 
polyamine levels may be due to neuronal cellular defence 
m e c h a n i s m against the toxic effects of DBTL or its 
metabolites reaching to these brain regions. DBTL caused a 
dose dependent increase in hapatic polyamine levels, while 
a different pattern of alteration in kidney polyamine 
levels was observed. Significant increase in kidney 
putrescine, spermidine and spermine was noted with DBTL 20 
mg/kg but at UO mg/kg DBTL only spermidine levels were 
induced significantly while putrescine and spermidine 
levels remained unaltered. 
Increase in hepatic polyamine levels may be due to 
adaptive response or cellular proliferation by DBTL or its 
metabolites reaching the liver. Differential response of 
kidney polyamines may be due to excretory amount of DBTL 
per se or its metabolites through u r i n e . 
Ill C . Alteration in polyamine levels in brain, liver and 
kidney on co-administration of DEHP and DBTL In rats. 
The present study deals with the effect of 
leachable plasticizer D E H P , and stabilizer DBTL, alone and 
their combination on b r a i n , liver and kidney polyamine 
levels. In this study among the four set of animals, first 
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set was treated with DEHP 200 fng/kg body w e i g h t , second set 
was given DBTL 10 mg/kg body w e i g h t , third set was 
administered a combination of DEHP 200 mg/kg and DBTL 10 
mg/kg body weight diluted in groundnut oil whereas fourth 
set of animals served as controls and received an 
equivalent amount of groundnut o i l , daily for 15 
consecutive days. 
Administration of DBTL alone and in combination 
with DEHP caused a significant decrease in body weight 
g a i n , and increase in absolute and relative liver w e i g h t s . 
There was no difference in the brain and kidney weight of 
control and any experimental rats. 
Brain polyamine levels were unaffected in DEHP 
treated rats, but DBTL alone and in combination with D E H P 
caused a significant increase in levels of brain 
polyamines. In liver, only putrescine and spermidine 
levels were induced on DEHP administration whereas spermine 
levels were unaffected in this group of a n i m a l s . 
Interestingly, significant induction in putrescine and 
spermidine levels while significant inhibition in spermine 
levels was noted in DBTL treated animals. Co-
administration of DEHP and DBTL resulted in a significant 
induction of hepatic putrescine and spermidine levels while 
spermine levels were remained u n a l t e r e d . 
A similar differential response of renal 
polyamines was observed. DEHP caused a significant 
increase in spermidine and spermine levels but putrescine 
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level was unaffected. In DBTL treated rats, renal 
putrescine level increased significantly but spermine 
levels were inhibited significantly while spermidine levels 
remained unaltered. Interaction of DEHP and DBTL in co-
administered rats, polyamines displayed a novel pattern. 
Putrescine levels were significantly induced, spermidine 
levels unaltered whereas spermine levels were inhibited 
s igni f i cantly. 
The modulation in polyamine synthesis in liver may 
be due to an adaptive response and/or cellular 
proliferation while brain and kidney may be due to a 
cellular defence m e c h a n i s m against toxic effects DEHP and 
DBTL and/or their metabolites in these regions which 
suggested that polyamines might play the protective roles 
against these toxicants. 
M l IV. Effect of co-administration of Di(2-ethyIhexy1) 
phthalate and D i b u t y l t i n dilaurate on xenobiotic 
metabolising enzymes in adult rats. 
The effect of oral co-administration of DEHP and 
DBTL on hepatic phase I and phase II drug metabolising 
enzyme system was investigated. Rats were administered 
orally DEHP 200 mg/kg or DBTL 10 mg/kg or in combination of 
DEHP 200 mg/kg + DBTL 10 mg/kg body weight for 7 or 15 
consecutive days. 
Treatment of DBTL alone and in combination with 
DEHP caused a significant decrease in body weight gain 
while a significant increase in relative liver weights was 
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observed in these g r o u p s . DEHP administration for 7 days 
resulted in a significant increase in the activities of 
aniline hydroxylase, benzo(a)pyrene hydroxylase, 
aminopyrine-N-demethylase and cytochrome P-k50 contents. 
Similarly glutathione S-transferase(GST) acitivity was also 
induced in this group. But administration of DEHP for 15 
days caused significant induction in the activity of 
a m i n o p y r i n e N-demethy1 ase and cytochrome P-k50 contents 
while the activities of benzo(a)pyrene hydroxylase and 
aniline hydroxylase were remained unaffected. 
Interestingly GST activity significantly induced 
c o n s i s t e n t l y . DBTL adminstration for 7 and 15 days 
result ed in a signi f icant inhibition in the activities' of 
b e n z o ( a ) p y r e n e hydroxylase, aniline hydroxylase, 
aminopyrine N-demethylase and in the content of cytochrome 
P - V 5 0 . R e m a r k a b l y , GST activity was induced significantly 
in D B T L treated rats. Co-administraion of DEHP with DBTL 
for 7 days caused a significant inhibition in the contents 
of cytochrome P-lfSO while activities of benzo(a)pyrene 
h y d r o x y l a s e , aminopyrine N-demethylase and aniline 
hydroxylase remained unaltered but GST activity induced 
s i g n i f i c a n t l y . After 15 days of co-administered treatment 
significant inhibition of all the studied microsomal 
enzymes and cytochrome P-'f50 contents was noted while GST 
activity increased consistently. The present study 
indicates that the DBTL affects antagonistically with DEHP 
on the activities of microsomal enzymes and cytochrome P-
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k5Q content but synergistically on the activities of G S T . 
T h e s e perturbances may be due to the altered m e t a b o l i c 
disposition capability of liver which thereby m a y affect 
the toxicogenic potentials of DEHP and D B T L . 
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P R E F A C E 
I l l 
The rapid industrialization of m o d e r n 
p e t r o c h e m i c a l s , and its interrelated plastic industry have 
introduced a large number of pollutants into the 
environment. In fact, the growth of plastic industry has 
been the m o s t spectacular than any other industry in the 
last four d e c a d e s . The versatility of plastic comes mainly 
from its use in a wide range of products. From a simple 
packaging and storage material for food and other items, 
its application ranges over a wide spectrum and goes upto 
its use in space c r a f t . T h u s , plastics are deeply rooted 
in every type of human activity in daily life. Its wide 
applications are due to certain preferable qualities such 
a s , low p r i c e , light w e i g h t , wide range of colour 
a c c e p t a b i l i t y , rustlessness , easy processabi1ity and design 
freedom resulting preference over other conventional raw 
materials like w o o d , glass and steel. 
There has been an enormous increase in the 
production of plastic in India. It has increased very 
rapidly from 0.2k lakh tonnes in 1965 to k.S2 lakh tonnes 
in 1985 and is expected to be 2U.k lakh tonnes by the end 
of the c e n t u r y . The present indigenous capacity for 
different raw materials is about 3 lakh tonnes per annum 
and per capita consumption is 0.6^* kg in India. 
Plastics are basically the organic polymers 
constructed by chain like attachment of monomers alongwith 
some supplementary agents known as additives. The finished 
plastic products are generally considered to be inert, non 
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toxic and safe, if m a n u f a c t u r e d using standard chemicais 
and protocols recommended by national and international 
regulatory agencies. H o w e v e r , they may be harmful to the 
consumers due to leaching of certain chemical additives and 
unreacted monomers since some of the leachable compounds 
have been reported to be toxic. 
Workers engaged in the production handling and 
processing of chemical additives and plastics have been 
found to suffer from diseases like dermatitis, allergic 
responses, hepatic and neuro disorders and even cancer. 
Besides industrial w o r k e r s , the users of plastic products 
are also continuously exposed to varying concentrations of 
certain leachable chemical components of plastics e.g. 
plasticizers, stabilizers, heavy m e t a l s u n r e a c t e d monomers 
etc. as a result of their leaching from finished plastics 
and their ubiquitous presence in the environment. 
India is a vast country where the physical and 
geographical conditions vary from one part to the other. 
The materials stored in plastic pouches/ containers in most 
cases are often subjected to high temperature and sunlight 
during their transportations. In rural areas and also in 
some of the urban areas plastic containers are used for 
the storage of food m a t e r i a l s which have an acidic pH like, 
pickles, vinegar, curd etc.and are also exposed to sunlight 
for curing. Usually fruit juices, vegetable oils, 
transfusion fluids are stored in plastic pouches/containers 
for prolonged period and may be exposed to higher 
temperature during their delivery. H o w e v e r , the 
specifications of Bureau of Indian Standards for safety 
assessment of the plastic materials used for food packaging 
and drinking water have not taken into full account of 
these specific c o n d i t i o n s . 
Keeping this view in m i n d , attempts have been m a d e 
to evaluate the safety and quality of widely used plastic 
materials under prevailing Indian conditions. The 
implication of physico-chemical factors such as, p H , 
temperature, storage time and chemical nature of extracting 
media on the leaching pattern of chemical additives from 
plastic wares have been studied. M o r e o v e r , the 
concentration of different phthalate plasticizers and 
monomers leaching out under such conditions were also 
quantified to know the levels to which consumers are likely 
to be e x p o s e d . These observations will serve as a base 
line data and will help in formulating new 
guidel ifies/protocols for the safer use of plastics in our 
country. 
Amongst the leachable a d d i t i v e s , plasticizers and 
stabilizers have been of a great concern. Significant 
quantities of phthalate plasticizers (e.g. D E H P ) and 
organotin stabilizers (e.g. DBTL) have been detected in 
commodities kept in plastic containers. Plastic dumps and 
wastes are also one of the ways of dispensing them in 
environment. Organotin compounds due to their wide 
applications as f u n g i c i d e , biocide and insecticide, have 
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also entered as environmental contaminants. So, the 
general population is continuously exposed to these 
toxicants in variable q u a n t i t i e s . M o r e o v e r , simultaneous 
leaching of phthalate plasticizer and organotin stabilizer 
from the plastic wares during their use adds to the 
toxicity of p l a s t i c . 
Polyamines are the species which play important 
role in cell growth,proliferation and protein synthesis. 
In addition polyamines play key roles in controlling brain 
functions,such as,second m e s s e n g e r s , modulation of synaptic 
transmission by influencing the neurotransmitter uptake and 
experience dependent brain growth. The present study was 
undertaken to evaluate effects of plasticizer D E H P , 
stabilizer DBTL alone and their combination on the regional 
brain, liver and kidney polyamine levels in adult rats. 
During co-exposure m e t a b o l i s m of one xenobiotic in the 
presence of other m a y be altered in the biological system 
due to the m o d i f i c a t i o n s in the acitivity of enzymes 
responsible for their m e t a b o l i c disposition. In the light 
of simultaneous exposure from plastic and from environment, 
attempts have been m a d e in the present study to asses the 
effects of the plasticizer DEHP and stabilizer DBTL and 
their combination on hepatic xenobiotic metabolising 
enzymes. 
R E V I E W O F L I T E R A T U R E 
The advances in polymer science and technology 
have led to the development of a variety of man made 
materials such as p l a s t i c s , elastomers and textiles. Among 
these plastics have gained significant importance in 
different spheres of life. Plastics are basically organic 
polymers, constructed by chain like attachment of building 
blocks called monomers alongwith some supplementary agents 
known as a d d i t i v e s . Plastics have been defined in the 
Modern Plastics Encyclopedia (1982) as a "Large and varied 
group of materials which consist of or contain a substance 
of high molecular weight which while solid in the finished 
state, at some state in its m a n u f a c t u r e is soft enough to 
be formed into various s h a p e s , usually through the 
a p p l i c a t i o n , either singly or together, of heat and 
pressure." 
Production and application of plastics is rapidly 
increasing in our c o u n t r y . The major penetration areas for 
plastics in particular have been house ware,packag1ng, toys 
and construction m a t e r i a l s . They are used in variety of 
consumer and industrial products such as textile, fibres, 
packaging films, luggage, milk pouches, toys, foam, 
c u s h i o n s , records, tapes, p a i n t s , autotyres, g a s k e t s , 
b e l t s , lighting fixtures, electrical connectors and so on 
(Jones D a v i d , 1989). The biomedical applications of 
plastics include their use as heart valves, vascular 
grafting m a t e r i a l , intrauterine devices, cathetors, 
disposable syringes, dialyzing sets, pouches for blood 
transfusion, dextrose, saline and other life saving fluids 
during surgery ( Sanders, 1971; S a v i a , 1987). Details of 
the specific applications of plastic products in hospitals 
are given in Table-1 . 
Plastic products possess certain very useful 
q u a l i t i e s , such as light w e i g h t , flexibility, transparency, 
corrosion resistance, electrical insulation and their 
availability in a variety of c o l o u r s . An added advantage is 
the comparatively low cost (Gupta, 1978). Due to these 
qualities, plastics are being preferred over the 
conventional raw m a t e r i a l s like w o o d , steel, glass etc. 
There are many kinds of plastics with different 
chemical compositions. Each kind of which may be further 
fabricated into hundreds of new combinations. Plastics 
are, h o w e v e r , usually divided into three main categories 
which include thermoplastic types, thermosetting types and 
elastomers. This c l a s s i f i c a t i o n refers to the chemical and 
physical changes taking place during the processes used in 
Table I: Biomedical* Application of Plastics 
Class D e v i c e or Item 
1. Permanent Implants 
Implants having contact 
with mucosal tissue 
C o l l e c t i v e and adminis-
tration devices 
U. C o r r e c t i v e , Protective 
and Supportive divices 
5. Storage devices 
Example 
Heart valves, various vascular 
grafts, orthopedic implants, 
other artificial organs e t c . 
Artificial eyes, contact lenses, 
dentures intrauterine d e v i c e s , 
certain types of catheters. 
Blood transfusion sets, various 
types of catheters, dialyzing 
units, hypodermic d e v i c e s , and 
similar injection devices etc. 
Splinters, braces, films and 
protective clothes etc. 
Containers, bags for b l o o d , blood 
products, nutritional products 
and diagnostic agents e t c . 
[Autian, J: Development of Standards for Plastics to be used 
in Pharmapy and Medicine. J. D e n t . R e s . 1968, 1966]. 
the m a n u f a c t u r e of p l a s t i c s . Commercial use of plastics 
led to the development of a variety of plastic resins 
with desired properties,1ike bakelite, cellulose acetate 
and cellulose a c e t a t e b u t y r a t e , urea formaldehyde resins, 
polyvinyl e s t e r s , p o l y s t y r e n e , polyamides (nylon), melamine 
formaldehyde resins, po1ytetraf1uroethy 1ene (teflon), 
polyepoxides and polyurethane etc. 
Indian plastic industry made a modest start around 
(1926) but now it has become one of the major industries of 
India. It constitutes about 10,000 manufacturing units 
spread all over the c o u n t r y , 90% of which are in small 
scale sectors providing employment to nearly 5,50,000 
people directly and indirectly (Dabholkar, 1987). The 
worldwide annual average per capita consumption of plastic 
is 13 kg while the same in India is a mere 0.6k kg., 
(Chemical Industry N e w s , 1992). Nevertheless, the Indian 
Plastic Industry has surpassed its initial phase and is on 
the threshold of taking a quantum jump in the coming 
d e c a d e s . It is estimated that by the turn of the 
century the per capita consumption of plastic in India will 
be increased by m o r e than 300 percent which will be 
around 2.1 k g . , (Chemical Industry N e w s , 1992). According 
to Indian Plastic Institution (IPI), the total consumption 
of commodity plastics is expected to grow from a modest 
^•92,000 m e t r i c tonnes (MT) in 1985 to 2,UU0,000 MT by the 
end of the century which is shown in T a b l e - 2 . Total 
demand for engineering plastic materials is expected to 
rise from 34,650 MT in 1985 to 1,73,500 MT by the year 
Table 2: Expected Consumption of Plastics 1980 -2000 (in 
m e t r i c tonnes). 
Types of 
polymers 
1980 1985 1990 1995 2000 
LDPE/LLDPE 91,000 U 6 , 0 0 0 255,000 410,000 650,000 
HDPE 60,000 115,000 205,000 378,000 571,000 
PVC 108,000 165,000 270,000 432,000 704,000 
PP 19,500 40,000 85,000 186,000 384,000 
PS 12,500 26,000 51,000 81,000 131,000 
Total 290,500 492,000 866,000 1 ,487,000 2,440,000 
Table 3; Demand forecast of engineering plastics - 1980 -2000 (In 
M illion Tonnes) 
Type of 
polymers 
1980 1985 1990 1995 2000 
ABS 1 ,200 3, 300 15,500 27,300 U0,000 
N y l o n 795 2,350 7,000 12,050 17,500 
Poly-
carbonates 
NA 1 ,000 3,000 6,000 10,000 
P o l y e s t e r s : 
Saturated NA if,000 10,000 16,000 25,000 
U n s a t u r a t e d NA U,000 8,000 10,000 15,000 
U F . M F 5,000 8,000 12,000 15,000 18,000 
PF-Moulding 5,000 7,500 10,000 12,500 15,000 
Epoxy NA 1 ,000 2,000 U,000 7,000 
M i s c e l l a n e o u s : 
C A / C A B NA 2,500 3,500 4,500 6,000 
Polyacelal/ 
P T C E / P P O NA 1 ,000 5,000 10,000 20,000 
Total 3U,600 78,000 118,350 173,500 
2,000 (shown in Table-3). 
A D D I T I V E S OF PLASTICS 
The finished plastic consists of repetitive units 
of monomer combined with several other chemicals to give it 
desired shape, colour, flexibility and other p r o p e r t i e s . 
These chemicals are collectively known as a d d i t i v e s , which 
depending upon their functions have been classified into Ik 
major g r o u p s . Different amount of additives used for 
plastic production is shown in Figure-1. The purpose of 
these additives is briefly described below: 
P l a s t i c i z e r s 
Plasticizers are the chemically and thermally 
stable components of plastics which are added to improve 
the f l e x i b i l i t y , softness and processibi1ity of p l a s t i c s . 
They frequently constitute more than 50% by weight 
of the finished product (Du Bois and John, 1981, Sears and 
T o u c h e t t e , 1982). Vast varieties of plasticizers are 
commercially available, which include esters of carboxylic 
acid e . g . phthalic, isophthalic, adipic and citric etc. 
Heat stabilizers 
Stabilizers give extra stability to plastic and 
prevent them from thermal degradation. Major stabilizers 
include organotin compounds, metal salts, e p o x i d e s , 
pentavalent phosphorus compounds etc. Among these 
organotin compounds are being widely used due to their 
Figure-1:- Different amounts of plastic additives. 
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applications in rigid PVC formulation. 
Flame retardents 
These are used in thermoplastic resins. These are 
added either prior to polymer processing or added in 
surface c o a t i n g . The major class of flame retardents 
include c h l o r i n e , bromine containing aliphatic and aromatic 
c o m p o u n d s , phosphate esters and inorganic metal oxides. 
Antioxidants 
In order to prevent the oxidative degradation of 
plastics during their manufacture and use antioxidant 
compounds are used. Primary antioxidants remove out the 
free radicals hence preventing the propagation and coupling 
of radicals. Some of the antioxidants are hindered phenols 
(alkylated phenols and polyphenols) organic phosphates and 
various sulpher compounds (Vainio et al.,1980). 
Ultravoilet light absorbers 
These are added to prevent the breaking of 
covalent bondings (carbon-carbon, carbon-hydrogen and 
c a r b o n - c h l o r i n e ) of polymer matrix due to fluorescent 
lightening from s u n . The high energy photons which are 
responsible for bond breaking are filtered out or screened 
by UV absorbing c o m p o n e n t s . These include derivatives of 
b e n z o t r i a z o 1 e s , b e n z o p h e n o n e s , salicylates, a c r y l a t e s , 
organonickels and hindered amines (Seymour, 1975). 
Foaming or blowing agents 
Foamed plastic products are used as insulating 
floatation m a t e r i a l s . The process of foaming is done by 
passing a stream of gas into the molten plastic or 
thermally labile compound. The blowing agents involve 
n i t r o g e n , carbon dioxide, heptane, and pentane etc. 
Thermally labile compounds include azo compounds, sulfonyl 
hydrazides and N-nitroso-compounds etc. 
Initiators 
Initiators are used to initiate the polymerisation 
of m o n o m e r s . The m e c h a n i s m involves the chain reaction. 
The important initiators are protonic acids, lewis acids 
and o r g a n o m e t a 1 1 i c compounds etc. 
Lubricants and flow control agents 
Lubricants reduce the adhesion and viscosity of 
the plastic formulations during processing, hence 
permitting m o r e facile moulding or extrusion. It is 
assumed that these additives reduce the coefficient of 
friction between plastic molecules and act as slip agents. 
These include organometal1ic salts of calcium, zinc and 
lead e t c . 
A n t i s t a t i c agents 
Antistatic agents are hygroscopic, attract and 
incorporate a small amount of m o i s t u r e to dissipate the 
electrostatic charges. These are used in the m a n u f a c t u r e 
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of electronic hardware and in flexible PVC a p p l i a n c e s . 
These agents include a m i n e s , quarternary arrraonium salts, 
organic phosphates and m e t a l l i c salts. 
Curving agents 
The usefulness of plastics like unsaturated 
p o l y e s t e r s , epoxy and phenolic resins is limited unless 
their linear polymer chains are cross linked or curved. 
The curving agents are generally polyamines and a n h y d r i d e s . 
Colourants (Dyes and P i g m e n t s ) 
Dyes and pigments are added to impart colour and 
other visual qualities. General colouring dyes include 
inorganic metals like titanium, chromium, cadmium and 
organic d y e s . 
Fillers and Reinforcements 
Reinforcing agents are used in plastic to induce 
less c r e e p , greater rigidity, improved h a r d n e s s , heat 
resistance, mechanical strength as well as to reduce cost. 
Generally these include s i l i c a t e s , glass, metallic oxides, 
metal powders and carbon black e t c . 
Solvents 
Solvents used in plastic industry are of high 
volatility and low molecular w e i g h t . General solvents are 
g l y c o l s , esters, glycol ethers, ketones, nitroparaffins and 
glycidyl ethers etc. 
HEALTH HAZARDS OF PLASTICS 
Finished plastics are generally considered to be 
safe if they are used for the purpose for which they have 
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been d e s i g n e d . A b u s e of plastics may be hazardous which 
may lead to migration of plastic additives into food 
c o m m o d i t i e s . H o w e v e r , workers engaged in the production of 
various chemical additives such as p l a s t i c i z e r s , 
s t a b i l i z e r s , c o l o u r a n t s , pigments and in processing of 
plastics have been found to suffer from diseases like 
d e r m a t i t i s , allergic responses, bronchial asthama, acro-
osteolysis with s c l e r o d e r m a , Raynaud's P h e n o m e n o n , 
hepatic and nervous disorders and even cancer ( 
Autian 1975; Cohen and R o s s , 1988; Letz et al., 1990; Gobba 
et a i . , 1991; Ng et a l . , 1991; Ho et ai., 1991). Besides, 
the industrial w o r k e r s , general population is also 
continuously exposed to various leachates of plastics in 
daily use of plastic wares and from the environment as a 
result of their use as fungicide (Alam et al., 1988b; Barry 
et a l . , 1989; Baldeve et a l . , 1990; Karl and M u l l e r , 1991). 
Safety of food is of particular importance to the 
consumer and the food industry as w e l l . Plastic packaging 
can influence the safety of food by protecting its quality 
in terms of nutritional,sensoric and microbial state of the 
p r o d u c t . At the same time, unavoidably there is a small 
transfer of ingredients from packaging to food due to 
interaction between food and packaging material at certain 
physico-chemical c o n d i t i o n s . Migration of p h t h a l a t e s , and 
other commonly used plasticizers from PVC bags into blood, 
milk and other life saving fluids have been reported (Peck 
et a l . , 1979; Sherwin and J a c o b s o n , 1982; Srivastava et 
a l . , 1985; Barry et a l . , 1989; Cohen et a l . , 1991). 
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Laurence et a l . ( 1988) have reported the presence of 
significant amounts of DEHP and various phthalate esters in 
foods like m e a t pies, cakes, sandwiches and quiches wrapped 
in PVC films. Even the migration of phthalates in 
appreciable amounts from propylene printed films into 
wrapped confectionary like toffees and choclates have been 
reported depending upon the duration of contact (Laurence 
et a l . , 1989). Di(2-ethy1hexy1) p h t h a l a t e , a widely used 
plasticizer is reported to be teratogenic, h e p a t o t o x i c , 
m u t a g e n i c and even carcinogenic in experimental animals 
(Albro et a l . , 1982a; Seth, 1982; Tomita et a l . , )982; 
Thomas and T h o m a s , 1985; Grey and G a n g o l l i , 1986; Dostal et 
a l . , 1988; Klimisch et al., 1992 ). Alam et a l . , (1987; 
1990) have shown the migration of U . V . absorbing components 
above the permissible limits from finished plastics used in 
packaging of food and drinking water. Some of them are also 
reported to produce skin irritations, a s t e r i x i s , abnormal 
m e n t a l s t a t e , tinnitus, deafness and even development of 
m u t a g e n i c effects (BIS, 1975; A n d e r s o n , 1981; M a t s u o et 
a l . , 1981). The derivatives of benzophenones have been 
reported to induce immuno suppressive activity and anti-
inflammatory effects in humans (Matsuo et a l . , 1981). 
Studies conducted in our laboratory and elsewhere 
have shown leaching of heavy metals such as lead (Pb), 
cadmium (Cd), manganese (Mn), chromium (Cr), copper (Cu), 
zinc (Zn) e t c . in the concentration above than the 
permissible limits and concentration of P b , C r , Cu and Cd 
were found to be more than average daily intake values in 
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drinking water for human beings from plastic materials 
used for biomedical devices and food packaging (Preda et 
a l . , 1983; Saxena et al., l9Sk; Alam et al., 1988b). 
Exposure to heavy metals above the permissible limits is 
h a r m f u l . M n and Pb have been reported to produce 
neurotoxicity whereas Cd is a nephrotoxic element (Friberg 
et a l . , 1971; Silbergeld and H r u s k a , 1980; Environ. Health 
C r i t . , 1992). Cr, Cu and Zn have been documented to 
produce alterations in reproductive organs and skin 
diseases (Fregert and R o s s m a n , \96U; Chuttani et al., 1965; 
Mena et a l . , 1969). Some of the monomers also leach out 
from finished plastics, due to degradation of polymer or 
incomplete p o l y m e r i s a t i o n . Viny1chloride has been reported 
to cause terminal cancer in the workers of PVC industry 
(Chudy and Crobsy,1977; Simonato et al,, 1991). Vinyl 
chloride has also been implicated in producing brain and 
CNS tumours in workers of PVC industry (Selikoff and 
H a m m o n d , 1975; Sinues et al., 1991). Styrene has been 
shown to cause neuronal disorders, liver hepatomegaly and 
alterations in reproductive system (O'Berg, 1980; Ivanova 
T c h e m i c h a n s k a et a l . , 1982; Sadhana Srivastava et al., 
1989a, 1989b; B r o w n , 1991). Acrylonitrile present in 
acrylic and m o d a c r y l i c fibres, resins and rubbers causes 
irritation and allergic dermatitis, nausea, vomiting, 
h e a d a c h e , immunodepress ion symptoms of gastritis, colitis 
and belephroconjuctiVities in humans (Sakurai and Kusomoto, 
1972; S p a s s o v k i , 1976; O ' B e r g , 1980). 
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Effect of Plastic Products/Utensils on Human's Target 
Sites/Tissues 
Plastic devices when come in direct contact of 
human beings release the leachates depending upon the 
duration of c o n t a c t . The leachates may produce allergic 
r e s p o n s e s , skin irritation, dermatitis, and urticaria e t c . 
W o m e n who put on plastic sticker (Bindi) regularly on 
forehead have been observed to have depigmentation and 
skin irritations at the site of sticking (Bajaj et a l . , 
1990). A l l e r g i c contact dermatitis from plastic table 
cloth (Foussereau et a l . 1982) and contact urticaria from 
plastic shower curtains were also observed (Mitchell, 
1983) . 
The long term contact like in use of transplanted 
artificial k i d n e y , it is possible that the material 
implanted for long period of time may degrade, releasing 
polymer fragments into the body of animal-or human being 
which may elicit adverse biological responses (Crocker et 
al ., 1988). The rat kidneys wrapped in celluphane, were 
found to develope tumours after a long term contact 
(Oppenheimer et a l . , 1961). It has also been demonstrated 
that the size and form of implant, surface h a r d n e s s , 
thickness and length of implants, influence the 
tumourogenesis in experimental animals (Goldhaber, 1961, 
Oppenheimer et a l . , 1961; Bates and K l e i n , 1966; Roe et 
a l . , 1967). 
A c r y l i c denture materials are reported to produce 
toxic responses in certain patients, which are due to the 
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tnonomer or one of the additives present in the compieted 
denture ( F i s h e r , 1956). W h e n the plastic additive gets 
absorbed into any tissue in appreciable amount, it leads to 
systemic toxicity. It has been reported that when the 
circulating blood comes in contact with the polymeric 
m a t e r i a l s , it results in thrombic formation. The blood 
clotting m a y be attributed to surface charge, zeta 
p o t e n t i a l , surface forces of the unspecific nature, surface 
structure and the rate of flow of blood (Lyman et a l . , 
1965). It is, thus clear from the above discussion that use 
of plastics for house hold and biomedical purposes may pose 
serious threat to the human h e a l t h . 
DI(2-ETHYLHEXYL) PHTHALATE (DEHP) 
The tremendous growth of plastic industry 
encouraged the manufacture of varieties of plasticizers of 
desired q u a l i t i e s . P l a s t i c i z e r , although most often 
associated with the modern plastic industry, have been in 
use since long time. Plasticizers are now extensively 
being used in medical and food grade plastic to impart 
flexibility, and may constitute as much as 50% by weight of 
the final p r o d u c t . 
Plasticizer is not covalently bound in the plastic 
m a t r i x , but simply entrained and held by dispersion, vander 
Waal's or secondary valence forces with polymer and with 
time and use, may m i g r a t e from the plastic into external 
envi ronment. 
Phthalic acid esters (PAE), well known 
p l a s t i c i z e r s , are now recognised as environmental 
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contaminants causing various health hazards (Giam et a l . , 
1978). United S t a t e s , Environmental Protection Agency 
(US,EPA) has placed six PAEs on its list of priority 
pollutants (Keith and T e l l i a r d , 1979), v i z . di-n-methyl 
phthalate (DMP), di-n-butyIphthalate (DBP), di-n-octyl 
phthalate (DOP), diethyl phthalate (DEP), butyl benzyl 
phthalate (BBP) and di(2-ethyhexy1) phthalate (DEHP). 
About two billion pounds of phthalates are estimated to be 
produced in U . S . A . alone per year. No data is available on 
the estimated use of PAEs in India, but the use of PAEs 
containing plastics especially polyvinyl chloride (PVC) has 
been increasing significantly. 
Among the phthalates, di(2-ethy1hexy1) phthalate 
(DEHP) is perhaps the most commonly used plasticizer for 
PVC p r o d u c t s . It can be formulated to yeild different 
products with a broad range of physical properties. An 
estimated UOO million pounds of DEHP is produced annually 
in the United States (Albro, 1987). Since all plastic 
products are ultimately disposed of in the environment, 
human exposure to DEHP and other components of plastics 
can occur through contact with w a t e r , soil and air or 
through direct contact with plastic products. 
Chemical and Physical Properties of DEHP 
Phthalate is a term used to designate esters of 
phthalic acid with straight or branched chain alcohols. 
The term phthalate esters generally refers to the ortho 
form of benzene dicarboxylic acid prepared by the chemical 
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reaction of phthalic acid and a particular alcohol where as 
iso-and terphthalate refers to meta and para configurations 
r e s p e c t i v e l y . The phthalic acid esters (PAEs) consist of a 
pair of ester groups on a cyclo hexatriene r i n g . The 
structure of D E H P , one of most commonly used p h t h a l a t e in 
PVC polymers is shown in Figure-2 . DEHP is synonymous with 
b i s ( 2 - e t h y l h e x y l ) phthalate. The majority of PAEs are 
colourless liquids and are poorly soluble in w a t e r . D E H P , 
DBP and DMP are almost insoluble in water (Patty, 1967), 
but soluble in organic solvents and o i l s . DEHP is soluble 
in blood and other lipo-protein containing m a t e r i a l s . 
Phsyical and Chemical Properties of DEHP 
Molecular weight 
Molecular Formula 
Melting Point 
Boiling Point 
Vapour Pressure (mm Hg at 20^0) 
Viscosity (Cs at 25 "C) 
Specific gravity (at 20<C) 
Flash Point 
Vapour density 
390.62 
C 2 4 H 3 8 O 4 
SO^C 
386.9 
0.01 
58.0 
0.98 g/cc 
lt2k OF 
No data available 
Solubility 
Solvent or media 
Blood (1 day old) in PVC, k °C 
Blood (21 days old) in PVC, k^C 
Blood in glass collected via PVC 
Blood from glass through'PVC 
set, 25'C 
Water (distilled) solubility, 25°C 
Water (distilled) in glass through PVC 
set, 25''C 
3 years old injection in Viaflex, 25°C 
1 year old injection in Viaflex, 
Solubi1ity (mg %) 
0. 25 
5.5 
0 . U 
0 . 30 
0.01 
0 . 0 1 
0.0005 
0.0005 
Environmental Distribution of Phthalates 
DEHP is probably the only substance whose 
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occurrance throughout the environment is the m o s t 
ubiquitous (Pierce et a l . , 1980). The chemical stability 
is such that it is estimated to persist for over one 
hundred years in natural waters of low microbial content 
(Wolfe et a l . , 1980) in contrast to phthalate diesters 
which have unbranched side chains and are therefore, less 
stericaiiy resistant to hydrolysis. It has been estimated 
that essentially all of the DEHP manufactured in a given 
year will have become a part of the environment within the 
succeeding twenty years (Pierce et al . , 1980). 
Variable amounts of these phthalate esters have 
been detected in a i r , s o i l , w a t e r , plants (Bauman and 
C a m e r o n , 1967; T h o m a s , 1973; Peakall, 1975; Bove et a l . , 
1978), fish and aquatic invertebrates (Metcaif et a l . , 
1973; Sanders et a l . , 1973; Stalling et al., 1973; M e l a n c o n 
and L e c h , 1976) animals (Taborsky, 1967; Nazir et a l . , 
1967; Beroza et a l . , 1968) and human tissues (Jaeger and 
R u b i n , 1972; Rubin and N a i r , 1973; Mes et al . , 197^*; Rubin 
and S c h i f f e r , 1976). Natural occurrance of phthalate 
esters by fungal and bacterial assimilation has also been 
reported (Peakall, 1975; Kurane et al., 1977). H o w e v e r , it 
is unclear that whether these substances are naturally 
occurring or entering into the ecosystem from commercial 
sources. However plastic wastes and landfils dumped in 
water ways have been suggested to be the main cause of 
widespread occurrance of PAEs in the ecosystem. Even more 
interesting, not necessarily supportive of endogenous 
synthesis of PAEs in mammals are the reports of the 
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detection of DEHP in bovine myocardium ( Nazir et a l . , 
1971) and d i o c t y i p h t h a i a t e in pineal gland (Taborsky, 
1967). But whether these levels are of endogenous or of 
plant origin is at present not known. 
Human Exposure to Phthalates 
It is well known that phthalate can volatilize 
from p l a s t i c s , the relatively low vapour pressure of DEHP 
does not m a k e significant exposure by inhalation a likely 
route of intoxication. D E H P , however, appears to be 
efficiently absorbed from alimentary tract. The studies on 
animals suggest that approximately 1^0-50% of the 
administered dose can be a b s o r b e d . T h u s , it is possible 
that the dietary sources may provide the principal exposure 
route for D E H P . Presence of significant amounts of DEHP has 
been d e m o n s t r a t e d in variety of food stuffs including fish, 
fats, m e a t , m i l k , cheese and vegetables (Tomita et a l . , 
1977), life saving fluids (Guess and H a b e r m a n , 1968, 
Srivastava et a l . , 1985), w h i s k y , a l c o h o l s , petroleum oils 
and commercial solvents (Asakawa and Genjida 1970; 
ei ai'i 
Kampourisf 1975; Saito et a l . , 1980). T h u s , life saving 
fluids, drugs and foods get contaminated with DEHP or other 
phthalates which subsequently enter into human beings to 
pose threat to their h e a l t h . 
A b s o r p t i o n , D i s t r i b u t i o n , Biotransformation and 
Excretion of Phthalates 
Absorpt ion: 
Phthalic acid esters can enter into human being 
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through o r a l , peritoneal or pulmonary routes (Albro et a l . , 
1973; 1981a,b; Tanaka et a l . , 1975; 1978, Kluwe 1982). The 
orally ingested phthalates are absorbed from the gut 
primarily as corresponding monoester derivatives (Lake et 
al., 1977). H o w e v e r , the significant absorption of intact 
diesters from gastrointestinal tract in various animal 
species has also been demonstrated (Schaffer et al., 19<f5; 
Carpenter et a l . , 1953; Harris et al., 1956; Stein et al., 
\97k) . Kluwe ( 1982) has shown the significant intestinal 
absorption of phthalate esters by monitoring the urinary 
excretion profiles (Table-'/). The rate of absorption of 
phthalate esters was found to be influenced by the content 
of the dietary fat (Stein et al . , 197'f). Dermal absorption 
of phthalates is very low (Autian, 1972; Elsisi, 1989), but 
intradermally applied phthalate esters are readily absorbed 
(Galley et a l . , 1966) . 
Biotransformation 
Phthalate esters are metabolised quickly and 
extensively after oral or peritoneal administration 
(Autian, 1972; Albro et a l . , 1973; Rubin and Schiffer, 
1976). Metabolic studies on the biotransformation of 
phthalate esters have been conducted in a number of 
mammalian species, i.e. in rats (Albro and Thomas, 1973; 
Carter et al . , \97i*; Lake et a l . , 1975), mice (Rubin and 
Jaeger, 1973), rabbits (Calley et a l . , 1966), baboon 
ferrets and non mammalian species (Lake et al., 1977). 
In g e n e r a l , PAEs are primarily metabolised by the 
hydrolysis of one ester linkage to the corresponding 
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monoesters and alcohols by non-specific lipases present in 
pancreatic s e c r e t i o n , intestinal mucosa and a number of 
body organs like liver, lung, kidney, intestine etc.(Albro 
et a l . , 1973; Albro and Thomas 1973; Daniel and B r a t t , 
197^^; Lake et a l . , 1977; Rowland et al . , 1977). The d o s e , 
time and route of administration along with s p e c i e s , age 
and diet have also been reported to influence the rate of 
metabolism of phthalate esters (Metcalf et a l . , 1973; 
Stalling et al . , 1973; Lake et al., 1977). 
Excret ion 
The elimination of phthalates mainly occurs 
through urinary excretion in both rodents and primates 
(Peck et a l . , 1978; Albro et al., 1981a). Faecal and 
biliary elimination of some phthalate esters has also been 
demonstrated (Stalling et al • , 1973; Daniel and Bratt 197i»; 
Melancon and L e c h , 1976). The metabolic products of PAEs 
are excreted either unchanged or as their glucuronide 
conjugates (Albro et a l . , 1973; Daniel and B r a t t , I97k; 
Williams and Blanchfield, 1974 a,b). Kluwe (1982) has 
reported that short chain dialkyl phthalates such as DMP 
are excreted unchanhged as phthalic acid where as longer 
chain compounds such as D E H P , are first changed to polar 
monoester derivatives by oxidative degradation prior to 
their e x c r e t i o n . It has been shown that approximately U.5% 
of the DEHP administered to humans is recovered in urine 
while in dog and rabbits, it accounted for about it. 5% and 
65% respectively (Schaffer et al . , 19'^5). It has also been 
shown that aromatic ring of DEHP is not m e t a b o l i c a l l y 
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altered in mammals and in variety of other s p e c i e s . 
Neither D E H P nor its metabolites accumulate in tissues 
other than adipose (Albro et a l . , 198 let,1982a; Lhuguenot et 
a l . , l9Sk) . 
Biological effects of phthalate esters on experimental 
animals 
Phthalate esters are generally considered to be 
chemicals of low order toxicity due to poor solubility 
(Gray et a l . , 1977). The LD values for DEHP in various 
50 
species are shown in Table 5. Variations in LD values 
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depicted in the table may be due to the difference in 
vehicle used to administer D E H P . Liver and testes appear 
to be the m a i n target organs of DEHP toxicity but some 
biochemical and histopathological changes have also been 
reported in lungs, kidneys, heart and other organs (Schultz 
et a l . , 1975; Stenchever et a l . , 1976; Crocker et a l . , 
1988). 
Liver 
H e p a t o t o x i c potential of PAEs in a number of 
animal species has been demonstrated by several 
investigators (Carpenter et a l . , 1953; Albro et a l . , 1981a, 
Seth, 1982; Thomas and T h o m a s , 1985). Studies of chronic 
DEHP feeding experiments in rats revealed significant 
increase in liver weight while no such weight increases 
were reported for guinea pigs or dog (Daniel and B r a t t , 
1974; Lake et al., 1976; Oishi and H i r a g a , 1980; Parmar et 
a l. , 1985). Histopathological examination of phthalate 
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TABLE - 5 
Acute toxicity of DEHP 
Species Route 
g/kp^body 
References 
wt. 
Mouse i.p. 14.2 Galley et al., , 1966 
Mouse i.p. 20 Moorhatch 6 Chiou,1974 
1 
Rat i.p. 50 Singh et al.. 1972 
Rat P.O. 26 Parkhie et al., 1982 
Rat i.v. 13 Miripol et al., 1975 
Rabbit P.O. 34 Parkhie et al ., 1982 
Rabbit i.p. 31 Harris et al., , 1956,1967 
Rabbit Dermal 20 Parkhie et al., 1982 
Guinea pig Derm al 10 Parkhie et al ., 1982 
Aquatic 32* Sanders et al, 1973 
invertebrate 
* = Milligram per litre (LC 50) 
Table from the review article, Thomas and Thomas, 1985 
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showed liver enlargements with fatty vaccuolation and 
congestion followed by cloudy swelling, excessive 
p i g m e n t a t i o n , bile duct proliferation and occasional fatty 
degeneration (Omori, 1976). Lake et al., (1975) have 
observed mitochondrial swelling with shortening of cristae 
and decrease in the number of microbodies following 
ingestion of D E H P . DEHP exposure have been reported to 
cause varying biochemical changes in animal liver. 
Srivastava et al., (1975) reported the decrease in the 
activity of succinic dehydrogenase (SDH) and adenosine 
triphosphatase (ATPase), while increase in alkaline 
phosphatase activity on exposure to D E H P . Although SDH and 
ATPase levels were decreased by DEHP in rat liver, these 
enzymes were unaltered in the brain (Srivastava et a l . , 
1977). An increase in hepatic alcohol d e h y d r o g e n a s e , 
microsomal protein and cytochrome P-U50 contents in 
DEHP exposed animals has been reported by Lake et a l . , 
1975, Ahmed et al., 1990). PAEs have also been shown to 
inhibit rat liver mitochondrial respiration presumably due 
to their ability to act as energy transfer inhibitors 
(Takahashi, 1977). DEHP has been reported to produce route 
dependent effects on the activity of aminopyrine-N-
demethylase and aniline hydroxylase and the levels of 
cytochrome P-k50 in adult rat livers (Agrawal et al., 
1982). A single oral or intraperitoneal administration 
resulted in significant dose dependent decrease in the 
activity of aminopyrine N-demethylase and aniline 
hydroxylase without any change in the levels of cytochrome 
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P - 4 5 0 . The repeated intraperitoneal administration has 
been reported to decrease the activity of atninopyrine N-
demethylase and aniline hydroxylase and contents of 
cytochrome P-k50, whereas repeated oral administration 
caused an increase in these parameters. Phthalates have 
also been reported to cause proliferation of hepatic 
peroxisomes (Reddy et ai . , 1980, Lake et a l . , 1983, 198«*) 
which is of great concern as this phenomenon is believed to 
be associated with the production of hepatic tumours in 
rats and m i c e (Lake et a l . , 1975; Moody and R e d d y , 1978; 
Marsman et a l . , 1988). 
Testes 
The DEHP and other phthalate diesters can cause a 
s igni fleant reduction in testes : body weight ratio and 
administration at LD levels of the phthalates caused 
50 
infertility in male m i c e (Galley et a l . , 1966). Ca ter et 
al . , ( 1977) reported that daily administration of DBP 
significantly reduced the weight of testis within k-6 days 
and monobutyl phthalate, a major metabolite of D B P , 
appeared to be more effective in rats. Testicular lesions 
produced by DBP or M B P resembled those caused by DEHP 
treatment. The testicular injury produced by DBP exposure 
did not appear to be due to the accumulation of metabolites 
or availability of gonadotrophins (Gangolli, 1982). 
The m e c h a n i s m by which phthalates produce 
testicular injury is not c l e a r , however zinc defficiency 
has been implicated to play an important role in testicular 
injury. Zinc deficiency is known to depress the growth and 
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development of rat testes, decrease the weight of sex 
accessary organs and produce severe atrophy of germinal 
epithelium (Millar et a l . , 1 9 5 8 ) . Many investigators 
have reported a decrease in the zinc content of testes of 
various species (excluding hamster) following 
a d m i n i s t r a t i o n of phthalates. This decrease in testicular 
zinc was accompanied by increased urinary excretion of zinc 
(Foster et al . , 1980; Gray et al., 1982; O i s h i , . 
The exact m e c h a n i s m by which pthalates cause the depletion 
of testicular zinc is not at present clearly understood. A 
possibility of zinc phthalate complex has been proposed for 
these changes (Foster et al., 1981). 
M a n y efforts were made to reduce the testicular 
atrophy by providing exogenous zinc but without any notable 
s u c c e s s . Co-administration of zinc with DEHP shows that 
DEHP does not interfere with the gastrointestinal 
absorption of zinc. The zinc level in testes was not 
increased by this supplementation although zinc levels did 
increase in liver and serum (Oishi and H i r a g a , 1983). 
Earlier studies have suggested that testicular atrophy due 
to phthalates involves separation of germ cells from 
Sertoli cell layer latter being the essential source of 
oxygen and nutrients for the former (Creasy et a l . , 1983; 
Gray and B e a m a n d , 198^). 
D E H P was found to cause a time and age dependent 
influence on the activity of energy linked e n z y m e s . It 
enhanced the activity of ATPase, succinic d e h y d r o g e n a s e , 
and acid phosphatase (Mushtaq, 1 9 8 0 ) ^ 
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where as reduced the levels of testicular 
cytochrome P-U50 and its dependent enzymes (Foster et a l . 
1983). The alterations in the enzyme activities due to 
DEHP were found to be more marked in young developing rats 
than older o n e s . (Mushtaq, 1980; Gray and B u t t e r w o r t h , 
1980) . 
K i d n e y 
It has also been reported that significant amount 
of orally administered phthalate ester gets accumulated in 
kidney before their renal excretion (Autian,1973, Daniel 
and B r a t t , 197^*). The metabolism of phthalate ester to 
m o n o e s t e r and other metabolites have al so^^^'epor ted in 
kidneys (Autian, 1973). DEHP has been shown to affect the 
normal pathophysiology of renal c e l l s . Carpenter et a l . , 
(1953) and Harris et a l . , (1956) reported the swollen and 
cloudy kidneys in animals exposed to DEHP for long term. 
Renal cysts and absence of tails in offsprings of m i c e has 
been demonstrated on feeding DEHP (Onda et al . , 197^^). 
Shiota and Nishimura (1982) found only neural tube defects 
but no renal cysts in DEHP administered m i c e . 
Significiant amounts of DEHP has been reported to 
a c c u m u l a t e in patients undergoing hemodialysis (Lewis et 
et a i ' i 
a l . , 1978). D u n n i n g (1977) reported the polycystic kidney 
disease in patients who have undergone long term 
h e m o d i a l y s i s . Renal tumours and neoplasia have also been ei uL-y 
reported in these patients (Dunnillf 1977; Hughson et al., 
1986). 
Presence of focal cysts and decrease in kidney 
function as shown by creatinine clearence was also 
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demonstrated in rats administered DEHP or residue of 
plastic kidneys (Crocker, et a l . , 1988). Khanna et a l . , 
(1990) have reported dose dependent histological changes in 
kidneys of rats after chronic DEHP e x p o s u r e . Tubular damage 
and irreversible nephrotoxic lesions were also s e e n . 
C a r c i n o g e n i c effects of phthalates 
Ubiquitous occurrence of DEHP throughout the 
environment is of a great concern due to its c a r c i n o g e n i c 
p o t e n t i a l . It has been reported that phthalates can cause 
proliferation of hepatic peroxisomes (Reddy and W a r r e n , 
1981; Gray et al., 1983; Lake et al., 1983; ISSk; Rao et 
a l . , 1987), which is believed to be associated with 
production of hapatic tumours in rats and m i c e (Lake et a l , 
1975; Moody and Reddy, 1978). 
Studies conducted by National Toxicology Programme 
(NTP), U . S . A . , demonstrated that DEHP is carcinogenic in 
Fischer "ikk rats and B6C 3F m i c e and caused significant 
increase in liver tumours (Kim et al., 1976; Kluwe et al . , 
1982a,b). The female rats showed higher incidence of 
hepatocellular carcinomas and neoplastic nodules at the 
higher dietary doses of D E H P . The results of these 
investigations were considered uncertain since doses used 
in the study were higher than the,maximum tolerated d o s e s . 
The increase in liver tumour, in starving rats and m i c e can 
be attributed to a variety of reasons such as nutritional 
d e f i c i e n c y , altered m e t a b o l i s m , differences in commensal 
m i c r o b e s or hormonal imbalance (Northrup e t a l , , 1982). 
3 0 
Ward et al . ( 1 9 8 3 ) r e p o r t e d t h a t DEHP f e d t o m a l e B6C 3F1 
m i c e , following initiation by diethyInitrosamine, acted as 
a promotor of potentially neoplastic hepatocellular 
hyperplastic foci and hepatocellular neoplasms. 
The m e c h a n i s m by which DEHP acts as a carcinogen 
is not yet u n d e r s t o o d . Albro et al. (1981b) and Sanchez et 
al ., (1987) reported that DEHP i n vivo binds to rat DNA at 
higher d o s e s , but radio labelled DEHP was found to be 
excised from the D N A , thereby ruling out the possibility 
of a direct effect of plasticizer on the genetic m a t e r i a l . 
Warren pt al . ( 1980) have further reported that D E H P , which 
acts as hypolipidemic a g e n t s , may cause DNA damage 
indirectly through a m e c h a n i s m involving excessive 
formation of H O resulting from the proliferation of 
2 2 
p e r o x i s o m e s . The hepatic peroxisome response has been 
considered to be an i m p o r t a n t etiological factor in liver 
cancer induced by hypolipidemic agents in rodents (Cohen 
and G r a s s o , 1981). Altered metabolism of liver peroxisomes 
by DEHP may possibly contribute to the H O induced free 2 2 
radical reactions involving lipid peroxidation, protein 
sulfhydryl oxidation and DNA damage. 
M u t a g e n i c and Cytotoxic Effects of DEHP 
In g e n e r a l , neither D E H P , MEHP nor 2-ethyIhexanol 
show m u t a g e n i c i t y in Ames test with salmonella strains 
(Kirby et al . , 1983; Yoshikawa et al., 1983). Moreover 
these w e r e non-rautagenic in mouse lymphoma mutagenesis 
assay (Kirby et a l . , 1983) or in COH mutagenesis assay 
(Phillips et a l . , 1982). Butterworth et al. {l9Sk) failed 
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to detect unscheduled DNA synthesis or DNA damage when DEHP 
or M E H P was incubated with rat or human hepatocyte cultures 
in vitro. W h e n the employees of DEHP manufacturing plant 
exposed to it for over 10 years showed no indications of 
increased chromosomal abberations (Thiess and F l i e g , 1978). 
Interaction of phthalates with other xenobiotics 
T h e r e are several pollutants in our e n v i r o n m e n t , 
each having its own toxicogenic potential. So possibilites 
of exposure to two/or more chemicals simultaneously can 
never be n e g l e c t e d . So it is necessary to gather 
information on interaction for safety assessment. Such 
information on the toxicity of phthalates will be of great 
significance due to its ubiquitous presence in the 
e n v i r o n m e n t and the possibility of constant human exposure 
through food chain and plastic biomedical d e v i c e s . The 
possibility of interaction of phthalates with other drugs 
has been demonstrated by changes in the barbiturate 
sleeping time in experimental animals (Daniel and B r a t t , 
I97k, Seth et al., 1977a). The studies have also shown 
that D E H P can modify the biological responses of p a r a t h i o n , 
carbon tetrachloride, ethanol and TCDD (Srivastava et al., 
1977, Seth et al., 1979, Agrawal et al., 1982, Seth 1982, 
Tomaszewski et a l . , 1988). DEHP has been found to produce 
such changes by acting at the pharmacokinetic phase since 
it m o d i f i e s the activity of enzymes responsible for their 
m e t a b o l i c d e p o s i t i o n s . 
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ORGANOTIN COMPOUNDS 
Organotins are characterised by the p r e s e n c e of 
atleast one covalent carbon tin bond, mostly tin in 
tetravaient s t r u c t u r e . M o n o , di, tri or tetraorganotins 
are classified depending on the number of organic moities 
attached to tin. Organotins can be represented by the 
general f o r m u l a . 
R - Sn - X 
n 4n 
w h e r e , Rn = One to four alkyl or aryl groups. 
Sn = Tetravaient central tin atom 
X = A uninegative anion or anionic organic group 
n = 1,2,3,^1 
Applications of organotin compounds 
The organotin compounds are mainly used in three 
important areas (1) heat stabilisers, (2) catalytic agents 
(3) biocidal c o m p o u n d s . 
1. Heat Stabilisers 
O r g a n o t i n stabilizers are used to prevent the 
thermal degradation of many halogenated and non halogenated 
compounds of industrial and commercial importance such as 
transformer o i l s , PVC, chlorinated rubbers p a r a f f i n s , 
modified p l a s t i c s , lubricating, o i l s , H O , cellulose 
2 2 
a c e t a t e , n y l o n , polyethylene, and polypropylene. 
2. C a t a l y t i c Agents 
In urethane and esterification reactions organotin 
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compounds mainly dibutyltin dilaurate (DBTL) and dibutyltin 
d i o c t a t e are used as catalyst in the production of 
p o l y u r e t h a n e foams and the curving of silicone rubbers and 
epoxy resins. Methyltin compounds are used to obtain tin 
oxide coatings on glass surfaces, for better resistance 
against abrasion and chemical corrosion (Vander K e r k , 
1978) . 
3. Biocidal Compounds 
Organotin compounds are used in preservation of 
w o o d , p a p e r , textiles, cordage fibre, leather, electronic 
equipment and glass. Tripheny1tin, tributyltin and 
tripropyltin especially demonstrated high fungicidal and 
bactericidal properties. Tributyltin oxide (TBTO) is now 
used in wood preservation, marine a n t i f o u l i n g , disinfection 
of circulating industrial cooling waters and saline control 
in paper m i l l s . 
Dibutyltin dilaurate is effective for the control 
of R a i l l i e t i n a cesticillus in chickens, and the control of 
other poultary tape worms. As insecticide DBTL when applied 
to foliage generally repel insects (Piver, 1973). 
The consumption of organotin compounds for PVC 
heat stabilisation is 67% catalytic is about 8% and 
biocidal applications accounted for 20% by weight of all 
o r g a n o t i n s . The distribution of organotin compounds in 
various areas have been shown in Figure- 3. 
Possible site of exposure to organotin compounds 
Due to varied applications, exposure to human 
beings and animals occurs through different media like 
Domest ic 
Product ion 
27.8 M Lbs 
Total Organotin 
merchant slaes4-
28. 1 M bs (100%) 
Impor ts 
0.3 M Lbs 
67% 
PVC heat 
Stabi1i zer 
19.2 M Lbs 
Elastomers 
8% 
Catalysts for 
Polyurethanes 
ic Silicone 
0.3 M Lbs 
20% 
Biocides 
including 
anti-Fouling 
Marine Paints 
5.5 M Lbs 
1% 
Ant ihelminthes 
Coccidiostats 
for Poultry 
2.1 M Lbs 
k% 
Other uses 
Including 
E x p o r t , 
R & D Latex 
Paint 10 M Lbs. 
Figure 3:Application 
a r e a s . 
of Organotin compounds in various 
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dermal or injection. The increasing use of T B T O as 
antifouling agent and large application of triorganotin 
compounds as melluscicoids have put the possibility of 
o r g a n o t i n s in aquatic environment and their toxicity to 
a q u a t i c organisms (U'ren, 1983; Laughlin et al ., 
L a u g h l i n and Linden, 1985). As a biocide and insecticide 
when sprayed it increases the environmental pollution and a 
high risk of exposure to agricultural w o r k e r s . Due to its 
c o n t a m i n a t i o n with soil and w a t e r , the general population 
is also exposed to organotin compounds. Most important is 
its m i g r a t i o n from plastics used in food packaging and 
biomedical devices into commodities. 
Physico-chemical properties of organotin compounds with 
special reference to DBTL 
The structure of dibutyltin dilaurate is shown in F i g u r e - 4 . 
1. Molecular formula 
2. Molecular weight 
3. Boiling point (O C/mmHg) 
U. Melting point C 
5. Tin content {%) 
6. Specific gravity at 25 C 
7. A p p e a r a n c e 
8. Solubility 
(C H ) Sn (OOCC H ) 
k 9 2 1 1 2 3 2 
631.55 
400/100 rrm Hg 
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18 .8 
1 .05 
Light yellowish liquid or 
solid at low m e l t i n g point. 
8 to 50 ppm soluble in 
water but readily soluble 
in organic solvents e.g. 
A c e t o n e , H e x a n e , B e n z e n e . 
M i g r a t i o n of organotin stabilisers from plastic devices 
Varying concentrations of organotin stabilisers 
m i g r a t e out from plastic devices during the storage and 
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u s e . Significant amount of organotin stabilisers have 
been detected in tap w a t e r , urine and oils stored in 
flexible PVC as compared to rigid polymer (Klimmer and 
Nobel 1960). These have also been detected in whisky,beer, 
cherry s o d a , apple juice, vegetable oils, tomato juice, 
m i l k , mineral water stored in plastic bottles and water 
flowing through PVC pipes (Carr, 1969; Woggon et al., 1969; 
Koch and F i g g e , 1971; William Wu et al., 1989). The 
ability of biological fluids to extract organotin heat 
stabilisers from plasticized medical devices has also been 
well documented (Autian 1970; G u e s s , 1987). Studies of 
Guess and Haberman (1968) with chick embryo cultured cells 
and implanted plastic to rabbit tissues suggested that 
stabiliser was -soluble in the plasticizer of PVC, since the 
plasticizer was readily extracted by lipid m a t e r i a l , 
stabilizer also leaches out along with it. Plasticizer 
served as the vehicle for the transport of more toxic 
stabilizer into lipid m a t e r i a l s . Those plastics which did 
not require plasticization appeared to produce less toxic 
reactions in biological applications than did the 
plasticized plastics. 
A c c o r d i n g to Food and Drug Administration, U . S . A . , 
the concentration of organotin in foods should not be more 
than 1 ppm (Piver, 1973). The National Sanitation has set 
up a limit of 0.05 ppm extractable organotins from 
plastics as total tin (Wilkinson, 198'f) and the daily 
tolerance level set by West German Government for human is 
0.0065 m g / k g . 
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Metabolism 
It is knowri that triethyltin and trimethyltin 
compounds are well absorbed from gastrointestinal tract due 
to their solubility while other alkyl, aryl and inorganotin 
c o m p o u n d s , being rather insoluble, are poorly absorbed 
(Barnes and Stoner 1958 , 1959). Tetralkyltin compounds 
are very rapidly converted into trialkyltin compounds in 
animals (Cremer, 1958). Some investigators using C - di-n-
octyltin have detected only small amount of radioactivity 
in liver, k i d n e y , spleen, brain, m u s c l e s , h e a r t , lung, 
s e r u m , a d r e n a l , pituitary and thymus while the rest is 
excreted through faeces and urine (Seilder et a l . , 1971). 
Bridges et a l . , ( 1967) using C -labelled d i e t h y l t i n 
compounds have reported the partial conversion of 
diethyltin to ethyltin. The major site of m e t a b o l i s m of 
organotin compounds is liver. Xenobiotic m e t a b o l i s i n g 
enzymes localized in microsomal and soluble fraction 
participate in their conversion. Further degradation of 
these converted derivatives by microsomal m o n o - o x y g e n a s e 
system in m a m m a l s has been reported (Kimmel et a l . , 1977) 
by the following sequence of destannylation: 
R Sn R SnX ---»• R Sn X R SnX SnX 
It 3 2 2 3 It 
( R = alkyl; X = anion ) 
M e t a b o l i s m of tributyltin acetate by m i c r o s o m a l 
m o n o o x y g e n a s e system yields p and S - hydr oxybu t y 11 i n 
d e r i v a t i v e s . The major m e t a b o l i t e s , the cC and ^ 
hydroxy compounds undergo destannylation reaction under 
acidic conditionto form dibutyl derivatives and 1. butanol 
3? 
and I. butene respectively, i - hydroxy compounds are 
further o x i d i z e d to the corresponding k e t o n e s . Similarly 
d e s t a n n y i a t i o n process takes place for the conversion of 
d i a l k y l t i n to monoalkyltin compounds and then to inorganic 
t i n . T h e a l p h a , beta,gamma and delta hydroxylation of 
t r i e t h y l , t r i p r o p y l , tributyl and trihexyltin compounds 
have been reported which is carried out by hepatic 
cytochrome P-kSO dependent monooxygenase system (Kimmel, 
1977; Luitjen and Klirrener 1978). 
M a m m a l i a n Toxicity of Organotin Compounds 
The toxicity of organotin compounds depends upon 
the number and nature of organic substituents m o d e of 
exposure and the animal species ( T a b l e - 6 ) . Generally 
toxicity decreases from tri to monoorganotins in a n i m a l s . 
T h e tetraorganotin compounds are less toxic with delayed 
effects but the symptoms and effects are similar to 
triorganotin c o m p o u n d s . The conversion of tetra into 
triorganotin compounds takes place in liver (Cremer, 1958) 
or in the m u c o s a of the intestinal tract (Iwai and W a d a , 
1981). W i t h i n the series of trialkyltin c o m p o u n d s , the 
lower h o m o l o g u e s , trime thyltin and triethyltin show 
highest toxicity. Increase in the n-alkyl chain reduces 
the t o x i c i t y . In general trioctyltin compounds are non-
toxic. The difference in anionic radical expresses a very 
little effect in biological activity. The acute LD of 
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some of the important organotin compounds have been shown 
in T a b l e - 7 . 
Neurotoxici ty 
The neurotoxic effects of triethyltin in rodents 
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T A B L E - 6 
Toxicity of Organotin Compounds. 
Toxicity Alkyl tin form and Organic contituents 
Trialkyl Dialkyl Monoalkyl 
Neurotoxicity 
(CNS) 
Methyl 
Ethyl Butyl None 
Hepatotoxicity 
(Biliary Tract) 
Butyl Ethyl 
Propyl 
Butyl 
None 
Immunotoxicity 
(T-cell) 
None Butyl 
Octyl 
None 
Mutagenesis/ 
Carcinogenesis 
Equivocal 
data 
Insufficient 
data 
Insufficient 
data 
Skin/Eye 
Irritant 
Methyl 
Ethyl 
Butyl 
Methyl 
Propyl 
Butyl 
Octyl 
None 
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TABLE - 7 
Acute toxicity of selected organo tin compounds in Mammals* 
Tin Compound Animal Route LD 50 
(mg/kg) 
Inorganic tin : Stannous chloride Mice Oral 250 
R Sn Tetramethyltin Rat Oral 195-331 
Tetraethyltin Rat Oral 6-9 
Tetrabutyltin Rat Oral 4000 
Tetraoctyltin Rat Oral 50000 
R„Sn X Trimethyltin acetate Rat Oral 9.1 o 
Triethyltin acetate Rat Oral 4.0 
Tributyltin chloride Rat Oral 129 
Trioctyltin chloride Rat Oral 4000 
H„ Sn X Dimethyltin chloride Rat Oral 73.9 
Di-n-butyltin dichloride Rat . Oral 100 
Di-octyltin dichloride Rat Oral 4000 
R Sn X Butyltin trichloride Rat Oral 2200-2395 
n-octyltin trichlride Rat Oral . 4600 
Stabilizers Di butyl tin dilaurate Rat Oral 175 
Dibutyltijj dlroono- Rat Oral 120 
butyl maleate 
Di-n-octyltin thio- Rat Oral 945 
glycolate 
Di-n-octyltin majeate Rat Oral 1265 
Di-n-octyltin dilaurate Rat i.p. 95 
Di-n-octyltin dilaurate Rat Oral 6450 
Data from references Piver, 1973; Smith, 1973 
Kimbrough, 1976; Pelikan and Cerny, 1970a. • 
Stoner et al.,1955 
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was initially reported by Stoner et a l . (1955). Then M a g e e 
et a l . , (1957) reported induced interstitial edema of the 
white matter of brain and spinal cord without obvious 
neuronal damage in rats fed on diethyltin. M y e l i n 
degeneration was observed upon chronic treatment (Smith, 
1973). Triethyltin exposure in neonates caused a reduction 
of brain weight and a disruption of myelinogenesis but 
peripherical nervous system was least affected (Reiter et 
a l . , 1981; O'Collaghan et a l . , 1983). Reduction in the 
levels of neurotransmitters such as n o r e p i n e p h r i n e , 
sertonine and dopamine alongwith electrophysiological 
alterations and behavioural deviations in adult rats 
exposed to triethyltin were also reported (Dyer et a l . , 
1981; Bentue-Ferrer et al., 1985). 
Administration of trimethyltin in rats caused 
necrosis of neurons in specific areas of C N S , particularly 
hippocampus and pyriform cortex were affected much 
(Bouldin et a l . , 1981; Brodie et al., 1990). Studies done 
by other investigators also reported the neuronal damage in 
amygdaloid nucleus, brain stem, neocortex, spinal c o r d , 
sensory n e u r o n s , retina and cochlea (Chang et a l . , 1983, 
198^*, Bouldin et a l . , 198^^; Fechter et a l . , 1986; Balaban 
et a l . , 1988; Brodie et a l . , 1990). Trimethyltin also 
alters neurochemical parameters such as synapsin I was 
decreased (Harry et al., 1985). Neurotransmitter levels of 
G A B A e r g i c , glutamergic, dopaminergic, and sertonergic 
systems were altered (Snoeij et al., 1987). Ali et a l . 
(1987) reported the changes in ornithine decarboxylase 
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a c t i v i t y i n a r e g i o n and d o s e s p e c i f i c m a n n e r i n m i c e 
e x p o s e d t o t r i m e t h y I t i n . 
Diaikyltins are less toxic to brain. A l a m et a l . 
(1988a; 1993) reported the effect of dibutyltin dilaurate 
in brain neurotransmitter system and behavior in rats. 
D e c r e a s e in the levels of noradrena1in, d o p a m i n e , and 
serotonin was observed with hypothalamus and frontal cortex 
as m o s t l y affected regions. Spontaneous locomotor activity 
and learning ability was also decreased in rats exposed to 
D B T L . 
H e p a t o t o x i c i t y 
Under jjn vitro conditions uncoupling of oxidative 
p h o s p h o r y l a t i o n of rat liver homogenate and m i t o c h o n d r i a 
has been reported following exposure to triethyltin 
compounds (Moore and Brodie 1961). Steatosis of 
h e p a t o c y t e s and enlargement of liver was observed on 
a d m i n i s t r a t i o n of some monoalkyltin compounds in mice 
(Pelikan and C e r n y , 1970a). Dibutyltin compounds were mere 
toxic to rodents and caused a specific lesion in bile ducts 
of rats and mice (Barnes and M a g e e , 1958) which consisted 
of an inaflammatory reaction in the wall of the bile duct. 
The o c c u r r e n c e of this lesion was found to correlate with 
the presence of tin in the b i l e . The bile duct lesion was 
also observed in rats chronically exposed to tributyltin 
compounds (Mushak et al., 1982; Krajne et a l . , 1984). 
E x p o s u r e to dibutyltin dilaurate in rat liver resulted in a 
consistant decrease in the activity of aminopyrene-N-
d e m e t h y l a s e , benzphetamine-N-demethy 1ase, aniline 
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h y d r o x y l a s e , benzo(a)pyrene hydroxylase and contents of 
cytochrome P-k5Q (Moore and Brodie,1961; Mushtaq et a l . , 
1981). In addition to this, an increase in the free -SH 
content and decrease in bound -SH content was also noticed 
(Mushtaq et a l . , 1981). 
N e p h r o t o x i c i ty 
O r g a n o t i n compounds, when administered o r a l l y , 
have been found to accumulate in kidneys in significant 
amounts (Environ. Health C r i t . 1980). Histological 
examination of mice kidney, which had received a single 
oral dose of butyltin S,S,S, tris ( 2 — e t h y l mercapto-
a c e t a t e ) , butylstannoic acid or butyl thiostannic acid 
showed some degree of fatty degeneration of cortical 
tubular e p i t h e l i u m , alongwith slight hyperaemia (Pelikan 
and C e r n y , 1 9 7 0 b). Increase in kidney weight of female m i c e 
and d y s t r o p h i c changes were also reported on long term 
exposure to certain organotin compounds (Mazaev and 
K a r o l o v , 1969; Nikonorow et a l . , 1973). Administration of 
triorganotin compounds have been reported to produce 
h a e m o r h a g e s , hyperaemia, congestion of glomerule and mild 
toxic nephrosis in mice ( Pelikan and C e r n e y , 1968; 
S h i r a s u e , 1970). 
Effects on Mi tochorndr ial respiration: 
Diethyltin and other dialkyltin homologues were 
found to inhibit oxygen and substrate consumption of 
isolated rat liver mitochondria (Aldridge, 1976; Penninks 
and S e i n e n , 1980) which resulted in partial oxidation of 
substrate and accumulation of keto a c i d s . The 
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d i a l k y l t i n compounds were proposed to inhibit the two ©C-
keto acid oxidising enzyme c o m p l e x e s , in m i t o c h r o n d r i a , 
namely p y r u v a t e and oC- ketog1utarate d e h y d r o g e n a s e . Since 
d i a l k y l t i n compounds show a high chemical affinity for 
thiol g r o u p s , this inhibition is due to binding to lipolic 
acid or lipoyl dehydrogenase (Penninks and Seinen, 1980). 
At higher concentrations, dibutyltin dichloride was also 
observed to inhibit the oxidative phosphorylation processes 
in m i t o c h o n d r i a and uncoupling effects have also been 
reported (Penninks et a l . , 1983). Srivastava (1990), has 
d e o m o n s t r a t e d interaction of dibutyltin dichloride with 
liver plasma membrane constituents resulting in the 
d e r a n g e m e n t of its structural and functional o r g a n i s a t i o n . 
Effects on cellular functions 
Effects of a series of dialkyltin and trialkyltin 
c h o r i d e s , using isolated rat thymocytes have been well 
studied (Penninks and Seinen, 1980; 1987; Snoeij et al . , 
1987). Thymocytes incubated with dialkyltin showed a 
m a r k e d increase in the consumption of glucose and 
a c c u m u l a t i o n of pyruvate and lactate. Cellular ATP levels 
were reduced by dibutyltin d i c h l o r i d e , when glucose was 
omitted from the medium (Penninks and Seinen, 1987), 
because of inhibition of pyruvate dehydrogenase caused by 
d i a l k y l t i n compound, which disturbed the entrance of 
g l y c o l y t i c end products into TCA cycle. As a c o n s e q u e n c e , 
pyruvate accumulates in the cell and is largely converted 
into l a c t a t e . As an adaptation to the reduced TCA cycle 
a c t i v i t y , glycolytic pathway will be a c t i v a t e d , leading to 
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an increased glucose consumption. The subsequentiai 
increase in glycolytic phosphorylation is apparently 
c a p a b l e of maintaining the intracellular A T P levels, 
p r o v i d e d that glucose is present in the incubation m e d i u m 
(Snoei j et a l . , 1987). 
P O L Y A M I N E S 
Polyamines are the aliphatic amines with 
p o l y c a t i o n i c charges and low molecular w e i g h t . All the 
cells of higher eukaryotes contain significant amounts of 
p o l y a m i n e s , spermidine, spermine and their and precursor 
p u t r e s c i n e . 
S t r u c t u r e s are shown below. 
H N - CH - CH - CH - CH - NH 
2 2 2 2 2 2 
( P u t r e s c i n e ) 
H N - (CH ) - NH - (CH ) - NH 
2 2 3 2 4 2 
( S p e r m i d i n e ) 
H N - (CH ) - NH - (CH ) - NH - (CH ) - NH 
2 2 3 2 U 2 3 2 
( S p e r m i n e ) 
Recent studies have shown the involvement of 
p o l y a m i n e s in the regulation of major functions like cell 
g r o w t h , cell differentiation and their intricate and 
exquistely regulated biosynthetic pathways (Tabor and 
T a b o r , 198^^; Pegg, 1986, 1988). Although the postulated 
functions attributed to polyamines are numerous but their 
modes of action at molecular level still remain a matter of 
specu1 at ion. 
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B i o s y n t h e s i s 
The pathways for maninalian polyamine biosynthesis 
are shown in Figure- 5. Poiyamine levels vary significantly 
from one cell type to another. Many m i c r o - o r g a n i s m s and 
higher plants are able to produce putrescine from agmatine 
by decarboxylation of a r g i n i n e , but all the m a m m a l i a n cells 
and many eukaryotes lack arginine d e c a r b o x y l a s e . 
T h e r e f o r e , in these species, putrescine is obtained from 
ornithine available from plasma (Pegg and W i 1 1 i a m s - A s h m a n , 
1981) and can also be formed within the cell by the action 
of a r g i n a s e , present in the extrahepatic t i s s u e s . T h u s , 
arginase is thought to be an initial step in the polyamine 
biosynthetic pathway (Pegg and McCan 
n , 1982). O r n i t h i n e 
d e c a r b o x y l a s e (ODC) a pyridoxal -phosphate dependent e n z y m e , 
converts ornithine into putrescine. Most of the enzyme is 
found in cytoplasm (Emanuelsson and H e b y , 1982; Persson et 
a l . , 1982). It is also present in small amounts in the 
nuclei of mammalian cells (Emanuelsson and Heby 1982). 
Though present in very small quantity in quiescent cells, 
O D C activity can be increased many folds within a few hours 
of exposure to trophic stimuli like h a r m o n e s , d r u g s , tissue 
regeneration and growth factors (Agnati et a l . , 1985; 
Paschen et a l . , 1 9 8 8 ) . To convert putrescine into 
spermidine an aminopropyl group must be a d d e d . This 
aminopropyl moiety is derived from m e t h i o n i n e , which is 
first converted into S-adenosyImethionine and is then 
d e c a r b o x y l a t e d . The resulting decarboxylated-S-
adenosyImethionine is used as an aminopropyl donar (Pegg, 
F i g u r e - 5 : - Pa thways of poly amine s y n t h e s i s and i n t e r c o i ^ r s i o n In 
mammalian c e l l s . 
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1986). The aminopropyl group is transferred from 
decarboxylated-S-adenosyImethionine to putrescine in the 
p r e s e n c e of spermidine synthase. Another aminopropyl group 
is needed to convert spermidine into spermine and this 
comes from decarboxylated-S-adenosyImethionine in a 
reaction catalysed by a second aminopropyl transferase 
termed as spermine synthase. Despite the similarity 
between these reactions, spermidine synthase and spermine 
synthase are discrete enzymes each specific for its own 
particular substrate (Pegg et a i . , 1981ct). These polyamine 
synthases are present in amounts greater than 
d e c a r b o x y l a s e s and are thought to be regulated by the 
a v a i l a b i l i t y of their s u b s t r a t e s , particularly 
d e c a r b o x y l a t e d - S - a d n o s y I m e t h i o n i n e . Marked changes in the 
s p e r m i d i n e synthase activity have been observed in response 
to h o r m o n e s , tissue regeneration and cell growth factors 
(Scalabrino et ai ., 1978). The other product of the amino-
propyl t ranf erase reaction is 5 - m e t h y 1 t h i o a d e n o s i n e , which 
is rapidly degraded by a phosphorylase into adenine and 5-
m e t h y l thioribose-1-phosphate (Williams-Ashman et a l . , 
1982). By the action of adenine phosphoriboxy1 transferase, 
a d e n i n e is then converted to 5 - A M P , and the 5-
m e t h y l t h i o r i b o s e - l - p h o s p h a t e is converted back to 
m e t h i o n i n e in a reaction that conserves the methylthio 
group and all but the C-1 of carbon atom of this sugar. 
T h e r e f o r e , all of S-adenosyImethionine m o l e c u l e not used 
for p o l y a m i n e production is effectively salvaged (William-
A s h m a n e t al., 1982). 
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Interconversion 
The s p e r m i d i n e s y n t h a s e and s p e r m i n e s y n t h a s e a r e 
effective and irreversible however, polyamines are 
interconverted and degraded back to putrescine by the 
action of two enzymes poiyamine oxidase (flavin adenine 
1 
d i n u c l e o t i d e dependent) and spermidine/spermine N -
acetyl t r a n s f e r a s e . The latter enzyme utilises acetyl CO A 
1 
to convert spermine into N -acety1spermine and spermidine 
1 
into N -acetylspermidine (Pegg, 1988). After acetylation by 
1 1 
spermidine/spermine N -acety1transferase, the N -
a c e t y I d e r i v a t i v e s of spermine and spermidine are good 
substrates for poiyamine oxidase, which splits off 3-
a c e t a m i d o p r o p a n a l generating spermidine and p u t r e s c i n e , 
respectively (Bolkenius and Seller, 1981; Seller et a l . , 
1981). These reactions combined with relevant aminopropyl 
transferases actually form a cycle converting 
decarboxylated adenosy1thionine to 5'-methy 1thioadenosine 
(Figure- 5) but the importance of this cycle and even the 
extent to which it actually occurs is not yet known. 
A c e t y l a t i o n appears to be the rate limiting step in this 
inter conversion (Pegg and McCann 1982; P e g g , 1986). It 
has been shown that activity of spermidine/spermine N'-
a c e t y l t r a n s f e r a s e is low but is rapidly induced m a n y folds 
on exposure to toxic agents, by fasting and by 
a d m i n i s t r a t i o n of excess spermidine itself (Seller et a i . , 
1981; Poso and Pegg, 1982) enhancing the interconversion 
and may be of physiological importance in preventing the 
level of spermidine and spermine from exceeding certain 
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1 imi t s . 
D e g r a d a t i o n of P o l y a m i n e s 
In the presence of spermidine s y n t h a s e , putrescine 
accepts one aminopropyi group and gets converted into 
s p e r m i d i n e . Instead of getting converted into spermidine, 
putrescine can also be oxidised by diamino oxidase, 
yeilding r-aminobutyraldehyde, which can be further 
oxidised to r-aminobutyrate-2-pyrrolidone and 5'-hydroxy-2-
p y r r o l i d o n e (Pegg, 1988). Putrescine can also be 
acetylated by a microsomal enzyme and monoacetylated 
putrescine is oxidised by monoamine o x i d a s e . This pathway 
can also give rise to GABA and is m o r e important in CABA 
formation from putrescine in those tissues which have 
little diamine oxidase like brain ( S e i 1 e r ^ 1 9 8 0 ) . 
Postulated functions for the polyamines 
Eventhough, polyamines are related to many 
biological processes but their specific function is still 
o b s c u r e . Their ubiquitous d i s t r i b u t i o n , high concentration 
in c e l l s , and increase in the concentrations in rapidly 
growing tissues have stimulated many investigations on 
these c o m p o u n d s . Anyhow, some of the postulated functions 
for polyamines can be summarized as: 
R e q u i r e m e n t for Growth 
Polyamines are required for optimal growth in all 
the cells tested. It has been reported that rapidly 
growing cells have higher levels of ornithine decarboxylase 
and polyamines than slowly growing or quiescent cells 
(Tabor and Tabor 1Q84). When the quiescent cells are 
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stimulated the levels of ornithine decarboxylase and 
polyamines usually increase before an increase in the 
content of D N A , RNA or protein (Janne et al., 1978; 
Williams Ashman and C a n a i i a k i s , 1980). But the specific 
biochemical m e c h a n i s m which is affected by the alteration 
in concentration of polyamine is not yet confirmed. 
Obvious involvement of polyamines in some systems such as 
effect of hormones on the production of casein and 
lactalbumin in mammary tissue explants has been reported 
(Oka et a l . , 1981). But in other systems the effects of 
polyamines on differentiation seem to be secondary to their 
effects on proliferation (Luk et al., 1982). 
Interaction of polyamine with DNA 
Polyamine levels have been measured in different 
phases of cell cycle in synchronised cells. The levels 
were reported to be highest at the end of G1 phase and 
suggestion has been m a d e that these changes are involved in 
the cells preparation for DNA synthesis (Heby, 1981). It 
has also been reported in mammalian cells that polyamines 
affect the initiation of DNA synthesis (Heby et al., 1977; 
Sunkara et a l . , 1979). 
By in vitro studies, the interaction of DNA and 
polyamines was first shown by the ability of spermine and 
spermidine to precipitate D N A , by the ability of these 
amines to protect DNA from denaturation by heat or from 
damage from shearing, and by X-ray diffraction studies on 
polyamine D N A - c o m p l e x e s . The stabilising effects were 
attributed to neutralisation of the negative charges in the 
50 
p h o s p h a t e groups and the consequent increase in the 
e f f e c t i v e n e s s of various attractive forces (Gosuie and 
S c h e l i e m a n , 1976; Marton and M o r r i s , 1987). I n v i vo 
studies postulated that in the presence of p o l y a m i n e s , DNA 
can not be in solution but must be in some type of 
precipitated complex. 
G o s u i e and Schellman (1976) reported that DNA-
p o l y a m i n e complexes can adopt a toroidal shape. The 
studies with spermidine and a series of spermidine 
homologues revealed that condensation of DNA depends not 
only on charge but also on the distribution of charge or 
the structure of the cation (Allison et al., 1981; Thomas 
and B l o o m f i e l d , 1983; Smirnov et a l . , 1 9 8 8 ) . Minyat et a l . , 
(1978) showed -that the B-A transition of D N A was 
facilitated by spermidine and spermine. Polyamines also 
facilitate the B-Z transition which is important for the 
control of DNA function (Brahamachari et al., 1985; Thomas 
and M e s s n e r , 1988). However, more concrete evidence for the 
role of polyamines in DNA replication and transcription as 
predisposing factors to cell d i v i s i o n , growth and 
d i f f e r e n t i a t i o n has been put forward through the mutational 
a p p r o a c h . 
Interaction of polyamine with RNA 
Intracellular levels of polyamines and of 
ornithine decarboxylase markedly increase when RNA 
synthesis is stimulated (Caldarera et a l . , 1975). A two 
fold stimulation of ribosomal RNA synthesis is reported 
when ornithine decarboxylase is injected into xenopus 
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o o c y t e s . Then it was suggested that ornithine 
d e c a r b o x y l a s e is the protein that regulates the initiation 
of R N A synthesis (Russell, 1983a). Many studies indicate 
that polyamines are involved in the s t r u c t u r e , activity and 
biosynthesis of RNA (Marton and M o r r i s , 1987; Jain and 
T y a g i , 1987; Blair, 1988). Polyamines ability to bind on 
specific sites on t RNA molecule is reported (Pochon and 
C o h e n , 1972; Sakai and C o h e n , 1973). It has been suggested 
that polyamines might act to stabilize the cloverleaf 
structure of t RNA, Crystallographic studies of t RNA 
indicate that two spermine m o l e c u l e s , the polyamaine used 
to facilitate the crystallisation, are found at very 
specific sites in the t RNA m o l e c u l e and appear to 
stabilize the secondary and tertiary structures (Quigley et 
a l . , 1 9 7 8 ) . 
Polyeunines and Protein Biosynthesis 
In vitro studies have shown that polyamines effect 
on the overall rate of protein synthesis, on the fidelity 
of the translation and on initiation and elongation of the 
polypeptide chain. In most cases, these effects are not 
found to be specific polyamines stimulated protein 
synthesising enzymes in the suboptimal concentration of Mg 
(Tabor and T a b o r , ISSk). Polyamines and Mg bind to 
ribosomes and facilitate the association of ribosomal 
subunits (Igarashi et al.,1981; 1982). Polyamines increase 
the fidelity of translation but specific steps responsible 
for it are not clear (Abraham et al., 1979, Abraham and 
P i h l , 1981). Similar effects of polyamine on in vivo 
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c o n d i t i o n s w e r e a l s o o b s e r v e d ( P a r k e t a l . , 1 9 8 2 . , C o o p e r 
e t a l . , 1 9 8 3 ) . 
A c t i o n of polyamines on membrane bound enzymes: 
Polyamines can affect the activities of microsomal 
m i x e d function oxidases, which act either on xenobiotics 
e . g . drugs or on physiological substrates e.g. o e s t r o g e n s . 
Interesting results were observed by Costa et a l . , 1976 
that the compounds known as inducers of cytochrome P-450 in 
liver also stimulate polyamine b i o s y n t h e s i s . By extensive 
studies Dalet et al., (1983) concluded that the locus of 
the polyamine action is cytochrome P-k50 itself and that 
the stimulation could result either from an increased 
stability of the oxyferrous intermediate of cytochrome P-
1*50 or from an accertation of the second electron transfer 
from the NADPH-cytochrome P-'fSO. Membrane-bound enzymes 
using UDP-galactose as substrate were also found to be 
affected by polyamines (Navartnam et a l . , 1986; Fink et 
+ ' + 
a l . , 1 9 8 7 ) . The activities of Na , K - ATPase from 
different origins were found to be m o d u l a t e d by 
p o l y a m i n e s , mainly by spermine (Nag and G h o s h , 1973; 
H e i n r i c h - H i r s c h et al., 1977). + 
Polyamines and Ca homeostasis 
The functions of polyamines in the m a i n t e n a n c e of 
+ 2 
Ca homeostasis has been studied w e l l . Spermidine and 
spermine were reported to play an important role in the 
+ 2 
regulation of Ca transport in m i t r o c h o n d r i a isolated 
from rat liver (Nichitta and W i l l i a m s o n , 198^*) or brain 
(Jensen e t a l . , 1987) or in permeabi1ized hepatocytes 
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( N i c h i t t a a n d W i l l i a m s o n , i g S ^ f ) . M i t o c h o n d r i a i s a Na+ / 
+ 2 +2 
Ca e x c h a n g e r a n d c a n a l s o t r a n s p o r t Ca by a 
transmembrane potential driven mechanisms (Carafoli, 1987), 
Spermine and spermidine, at submi11imolar concentrations 
+ 2 
and in the presence of physiological free Mg 
+ 2 
c o n c e n t r a t i o n s , were found to stimulate Ca uptake by 
m i t o c h o n d r i a (Nichitta and W i l l i a m s o n , 198'*; Jensen et 
a l . , 1 9 8 7 ) , this was accomplished through an increase on the 
+ 2 
apparant affinity of the electrophoretic uniporter for Ca 
(Lenzen et al . , 1986). Spermine and spermidine at 
micromolar concentrations were also reported to block 
efficiently a Ins (1,4,5) P -independent unidirectional 
+ 2 +2 
Ca efflux induced by Ca releasing drugs in 
sarcoplasmic reticulam subfractions (Palade, 1987). 
+ 2 
T e s t o s t e r o n e induced processes in kidney cortex (Ca 
fluxes across the plasma membrane and efflux from 
intracellular storage organelles, e n d o c y t o s i s , hexose and 
amino acid transport) were seemingly mediated by rapid and 
sustained increase in cellular polyamines (Koeing et al . , 
1983a). Similar effects were reported with B - a d r e n e r g i c 
agonist isoproterenol (Koeing et a l . , 1983b), tri-
iodothyrone (Koeing et a l . , igS^f) insulin (Goldstone et + 
a l . , 1985, 1986) and in K depolarised synaptosomes (Iqbal 
and Koeing 1985). Conclusion drawn from above studies was 
that polyamine served here as intracellular m e s s e n g e r s (or + 2 
signals) which provoked an increase in cytoplasmic Ca 
c o n c e n t r a t i o n . The signal would probably involve the 
binding of the polyamines to anionic sites with the + 2 
consequent opening up of Ca channels. 
54 
P o l y a m i n e s a n d p r o t e i n k i n a s e C: 
The intracellular distribution of protein kinase C 
+ 2 
(Ca /phospholipid-dependent protein kinase) can 
fluctuate rapidly between a soluble (inactive with most 
s u b s t r a t e ) form to and a m e m b r a n e - b o u n d form (active). 
Spermine has been reported to inhibit this e n z y m e , in + 2 
various tissues, non-competitive1y with respect to Ca and 
phosphatidylserine (Qi et a l . , 1983). Spermine or 
spermidine also inhibited the protein kinase C , in mouse 
pancreatic islets, activated by a phorbol ester [tetra + 2 
deconylphorbol acetate (TPA)], phosphatidyl serine and Ca 
(Thams et a l . , 1986). It is obvious from liposome studies 
+ 2 
that p o l y a m i n e , especially s p e r m i n e , can compete with Ca 
for binding to phosphatidyl serine (Meers et a l . , 1986). It 
is therefore suggested that s p e r m i n e , by competing for the + 2 
Ca binding sites, may interfere with the association of 
protein kinase C with membranes and consequently modulate 
its ability to respond to activation and to phosphorylate 
certain substrates. 
C H A P T E R - I 
SAFETY ASSESSMENT OF COMMONLY 
USED PLASTICS 
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INTRODUCTION 
A p p l i c a t i o n of plastics and polymers in all 
spheres of life has been increased several folds during the 
past decade world o v e r . Plastics are used in packaging and 
storage of all kinds of food materials ranging from wheat 
flour to s w e e t s , fruit juices, breakfasts, lunches and 
drinking w a t e r . In hospitals they are used for the 
storage and transfusion of blood, life saving fluids, 
circulation of essential fluids during surgery and 
peritoneal dialysis,as artificial support structure ,organ 
parts e t c . A l t h o u g h the virgin polymer is generally 
considered to be safe due to its inertness, h o w e v e r , the 
plastic products could be harmful due to the migration of 
certain additives like p l a s t i c i z e r s , stabilizers, pigments 
colourants and some unreacted monomers into the material in 
their c o n t a c t . Some of these additives have been reported 
to be toxic (Thomas and T h o m a s , 1985; Snoeij et a l . , 1987; 
W a r m s , 1987; Cohe^l and R o s s , 1988;k1imisch et a l . , 1992.). 
T h e r e f o r e , the plastic products intended for packaging 
storage and delivery of food m a t e r i a l s and drinking water 
must be evaluated for their s a f e t y . Most of the brand 
named plastics are expected to have undergone safety 
evaluation tests prescribed by Bureau of Indian Standards 
and/or other International Regulatory A g e n c i e s . 
U n f o r t u n a t e l y , some of the small scale industries in India 
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are formulating plastic products by recycling the old 
plastic articles a n d , from the resins/granu1es supplied by 
bigger manufacturers and add variable quantities of the 
additives which are often not as per the BIS g u i d e l i n e s . 
As a result the life and quality of the plastic products 
are reduced, since the larger polymer chain is shortened. 
Hence the risk of health hazards by the use of such plastic 
products are great. In view of the above, different 
countries depending upon their requirements have laid down 
safety assessment tests and guidelines for the quality of 
p l a s t i c s . Food and Drug Administration (FDA) U S A , British 
Plastic Federation (BPF) U K , National Formulary (NF) U S A , 
Pharmacopoeia of Japan (Pharm J), and British Pharmacopoeia 
in other countries and Bureau of Indian Standards (BIS) in 
our country have also provided certain standards/guidelines 
for the safety assessment of plastic p r o d u c t s . 
Indian climatic conditions are quite different in 
comparison to the western c o u n t r i e s . The guidelines 
provided by BIS has not taken into full account of the 
factors, such as high temperature and long storage time. 
The BIS has recommended only the tests for global migration 
for the safety assessment of plastics used in food 
packaging and drinking w a t e r . Other international 
regulatory agencies have also recommended tests for the 
presence of heavy m e t a l s , UV absorbing m a t e r i a l s , and 
oxidisable matters in the plastics used in biomedical 
devices as well as food packaging and drinking water 
(Cooper, 197U; C r o m p t o n , 1979). ITRC, Lucknow (India) has 
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developed a test protocol based on the recommendations of 
national and international regulatory agencies and on its 
research findings to assess the quality/safety of plastic 
devices (ITRC Manual 1988). The various tests included in 
this protocol are the pH, colour and odour of extract 
presence of UV absorbing m a t e r i a l s , oxidisable matters and 
heavy metals in plastic extracts in addition to the the 
tests recommended by B I S . These additional parameters will 
eventually help to evaluate the safe use of plastics being 
currently used in our country for food packaging, drinking 
water and biomedical devices by estimating the leachable 
a d d i t i v e s , since many of these have been found to be toxic. 
M E T H O D S 
Safety assessment of about 500 plastic samples which 
come directly in contact with food, drinking water and 
medicines was performed. Manufacture or brand names were 
recorded. A sample of two different manufacturers was 
referred as brand A and brand B. Various types of plastic 
articles tested in the present study are viz. jar , water 
c a r r i e r , m u g , t u m b l e r , water bottle brand A and B , lunch 
box brand A and B , ryles tube and infusion set . 
The plastic samples selected were free from any 
type of adhesives, cracks or holes. These were washed 
thoroughly with tap water and then twice with distilled 
w a t e r . 
EXTRACTING M E D I A 
Distilled water : Redistilled water prepared by ion 
exchange method 
Ethanol 
A c e t i c acid 
Sodium carbonate 
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8% (v/v) prepared in distilled water. 
3% (w/v) prepared in distilled w a t e r , 
5% (w/v) prepared in distilled w a t e r . 
o 
TEST CONDITIONS 
1. '•O C for 2k hours-Plastic intended for long 
term contact with food, pharmaceuticals and drinking water 
at lower temperature (BIS 1981). 
o 
2. 60 C for 10 days - Plastic intended for long 
term contact with food, pharmaceuticals and drinking water 
at higher temperature (BPF I97k in crompton 1979). o 
3. 60 C for 2 hours - Plastics intended for brief 
contact with food and water at higher temperature (BIS 
1981 ) . 
Preparation of the plastic extracts 
The cleaned and dried plastic material was cut 
2 2 
into 5 X 0.3 cm pieces and 1 cm surface area was 
extracted with 1 ml of extractant. Control extractants 
were run parallely in the identical conditions with out the 
plastic strips. All the samples were tested in 
q u a d r u p l i c a t e s . 
Test conducted in all extractants 
a . Physical state 
b. Clarity of colour 
c. Global migration 
d . Heavy metal 
e. O x i d i s a b l e matters 
f. U V absorbers 
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Heavy m e t a l s 
10 ml of the plastic extract was evaporated to 
o 
dryness in the oven at 90 C and the residue was dissolved 
in 1 ml concentrated nitric acid and diluted to 10 ml with 
deionized w a t e r . Presence of heavy metals M n , Z n , C u , C r , 
Pb and Cd were detected using Perkin Elmer Atomic 
Absorption Spectrophotometer 5000. Each extract was 
analysed in quadruplicate for the presence of heavy m e t a l s . 
Results were expressed in parts per million (Alam et al., 
1988 b). 
UV absorbing Compounds 
UV absorbing components in the extracts were 
determined spectrophotometrically using UV S p e c t r o n i c - 2 0 0 0 . 
The extracts were scanned between 220 nm to UOO nm. 
Results were expressed as the difference in optical density 
(OD) obtained from the plastic extract and the blank 
(control) (Cooper, Testing and Control W H O , G e n e v a , 197U}. 
O x i d i s a b l e matters 
The test of oxidisable matters was conducted by 
taking 20 ml of each extract to which 20 ml of Potassium 
permanganate (0.01 M ) was added alongwith 1 ml of (0.2 N) 
sulphuric acid in a 250 ml conical flask. This solution 
was heated to boiling and then kept in ice for sudden 
c o o l i n g . After few minutes 2 ml of Potassium iodide (0.1 
gm/ml) and 5 drops of starch solution (saturated) were 
added to the flask and the contents were mixed by shaking. 
This m i x t u r e was then titrated against (0.1 M ) sodium 
thiosulphate solution. The end point was noted by the 
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change in colour from pink to colourless. The difference 
in volume consumed by control and extract was a m e a s u r e of 
the oxidisable m a t t e r . The results were expressed as ml of 
sodium thiosulphate utilized (BIS 1975, 1982, 198'f). 
Global m i g r a t i o n 
Plastic extract (100 m l ) was evaporated in a 
constant weighed crucible in an oven maintained at a 
constant temperature (105 C) and the weight of crucible was 
again taken. In the parallel corresponding control 
extractants were also evaporated in identical m a n n e r . The 
difference in the weight of the residue was taken as the 
m e a s u r e of the global migration and the results were 
expressed as global residue in mg/100 ml extractant (BIS 
1981 ) . 
STATISTICAL ANALYSIS 
For heavy m e t a l s , oxidisable matters and global 
m i g r a t i o n , statistical analysis were also m a d e . Each 
sample was analysed in quadruplicate and data were 
evaluated by students 't' test. A value of P<0,05 was 
considered to be significant (Fischer, 1950). 
RESULTS 
The global migration from plastic samples under 
the different test conditions is shown in Tables-8 to 10. 
It is evident from Table - 8 that when the plastic 
samples were extracted at t^O C for 2k hours overall 
m i g r a t i o n of chemical additives was found below the 
permissible limits in distilled water and 8% ethanol 
e x t r a c t a n t s . In 3% acetic acid only the two samples viz. 
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water carrier and lunch box brand B showed the global 
m i g r a t i o n above the"permissible limits while in 5% sodium 
c a r b o n a t e water carrier and jar contributed for the global 
m i g r a t i o n above the permissible limits. It was interesting 
to note that global migration was more pronounced in basic 
m e d i u m ie 5% sodium carbonate than acidic m e d i u m ie 3% 
a c e t i c a c i d . The global migration was lesser in alcoholic 
m e d i u m (8% ehtanol) and aqueous m e d i u m (distilled water). 
Eventhough the global migration was found below the 
p e r m i s s i b l e limits in most of the plastic samples tested in 
3% a c e t i c acid and 5% sodium carbonate but interestingly it 
was significantly higher compared to distilled water at kO 
"C for 2k h o u r s . 
In short term contact study at 6 0 f o r 2 hours 
(shown in T a b l e - 9 ) the global migration of chemical 
additives was found above the permissible limits in 5% 
sodium carbonate extacts from all the plastic samples 
except tumbler, water bottle brand A , ryles tube and 
infusion set where it was below the permissible 
limits. In the extracts of 3% acetic acid, only three 
samples viz. water carrier, jar and lunch box brand B 
showed the global migration above the permissible limits. 
Global migration was observed below the permissible limits 
in distilled water and 8% ethanol from all the plastic 
samples tested at 60°C for 2 h o u r s . It is worthwhile to 
note that global migration was significantly increased in 
3% acetic acid and 5% sodium carbonate from all the plastic 
samples studied when compared to the migration in distilled 
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w a t e r . 
In the long"term contact study at 60®C for 10 days 
(shown in Table-IO) all the samples tested expressed the 
global migration above the permissible limits in the 
extracts of 5% sodium carbonate and 3% acetic a c i d . The 
global migration in above two extactants was also 
significant compared to distilled w a t e r . Apart the two 
samples viz. mug and ryles tube the remaining samples 
showed the global migration above the permissible limits in 
8% ethanol. The global m i g r a t i o n was though less in 
distilled water in comparison to other extractants but it 
was also above the permissible limits in the samples of 
water carrier, m u g , water bottle brand B , jar and lunch 
boxes of brand A and B . 
T h u s , this study of global m i g r a t i o n in different 
test conditions shows that leaching of additives is lesser 
at lower temperature as observed at '•O ^ C for 2k hours, but 
as the temperature was raised the global migration was also 
induced. Similarly in short term contact study ie 6 0 f o r 
2 hours the plastic sample contributed for lesser global 
migration compared to long term c o n t a c t . M o r e o v e r . the 
overall degree of global m i g r a t i o n with nature of 
extractant was in the order of 5% sodium carbonate > 3% 
acetic acid > 8% ethanol > distilled w a t e r . 
The leaching of UV absorbing materials from 
various plastic samples under different test conditions is 
shown in Figures-6 to 11). 
It is apparent from Figures-6 and 7 that none of 
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the p l a s t i c samples tested showed the leaching of UV 
absorbing components above the permissible limits in any 
extractant at kO °C for 2k h o u r s . But when the plastic 
samples were tested at 60®C for 2 hours in a short term 
contact study (shown in Figures-8 and 9) four samples viz. 
water c a r r i e r , tumbler, lunch boxes brand A and B showed 
the m a x i m u m leaching of UV absorbers above the permissible 
limits in 5% sodium carbonate. Interestingly leaching of 
UV a b s o r b e r s was above the permissible limits only in case 
of lunch box brand A in 3% acetic a c i d , while rest other 
samples tested showed the leaching of UV absorbers below 
the permissible limits. R e m a r k a b l y , leaching of UV 
absorbers was below the permissible limits in distiled 
water and 8% ethanol in all plastic samples tested. In 
this experiment maximum leaching of UV absorbers was seen 
in 5% sodium carbonate and m i n i m u m in distiled w a t e r . 
Figures 10 and 11 illustrates the m i g r a t i o n of UV 
absorbers from various brands of plastic samples in 
different extractants kept at 60oC for 10 days. In this 
long term contact study, all the samples tested showed the 
m i g r a t i o n of UV absorbers above the permissible limits in 
5% sodium carbonate. Apart from water bottle brand A all 
the plastic samples tested showed the migration of UV 
absorbers above the permissible limits in 3% acetic acid. 
In the alcoholic medium ie 8% ethanol only four samples 
v i z . water carrier, m u g , water bottle brand B and lunch box 
brand B showed migrtion of UV absorbing components above 
the permissible limits. Except water bottle brand B 
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r e m a i n i n g s a m p l e s c o n t r i b u t e d f o r t h e l e a c h i n g of UV 
a b s o r b e r s b e l o w t h e p e r m i s s i b l e l i m i t s i n d i s t i l l e d w a t e r . 
The nature of extractant and the degree of 
leaching of UV absorbing components was in the order of 5% 
sodium carbonate > 3% acetic acide > 8% ethanol > distilled 
w a t e r . T h u s , the results indicate that leaching of UV 
absorber is affected by the nature of extractant and the 
duration of contact with extractants. 
The effect of different physico-chemical factors 
such as temperature, chemical nature of extractant and the 
duration of extraction influencing the leaching of toxic 
heavy metals viz C a d m i u m ,Copper .Manganese, L e a d , C h r o m i u m 
and Zinc above the permissible limits are shown in Table 11 
to 13. It is evident from Table 11 that at kO^C for 2k 
hours none of the heavy metals tested m i g r a t e d above the 
permissible limit in distiled water. In 8% ethanol two 
samples viz. tumbler and lunch box brand A showed only the 
m i g r a t i o n of cadmium metal above the permissible limits 
while from other samples none of heavy metal leached out 
above the permissible limit. In 3% acetic acid cadmium 
m i g r a t e d above the permissible limit from t u m b l e r , m u g , 
lunch boxes brand A and B. Interestingly lead migrated 
only from infusion set in 3% acetic a c i d . In 5% sodium 
carbonate cadmium migrated above the permissible limit from 
the samples viz tumbler, lunch boxes brand A and B . Lea-
ching of lead was observed only from water bottle brand A . 
It is interesting to note that none of heavy metal 
studied leached out above the permissible limit in any 
68 
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extractant from water carrier, water bottle brand B, jar 
and ryles tube. 
Table - 1 2 shows the leaching of heavy metals above 
the permissible limits from plastic samples at 60''c for 2 
hours. It is evident that cadmium is the only metal which 
migrated from almost all samples studied in a regular 
fashion. In this short term contact study, except water 
carrier, water bottle brand B and infusion set, remaining 
all the samples showed the migration of cadmium above the 
permissible limits in 5% sodium carbonate. Migration of 
lead above the permissible limit was observed from water 
bottles brand A and B and infusion set while zinc migrated 
only from lunch box brand B above the permissible limit in 
5% sodium carbonate. Apart from water bottles brand A and 
B and infusion set, leaching of cadmium was significantly 
above the permissible limit in 3% acetic acid at 60 C for 2 
hours. Migration of zinc above the permissible limit was 
observed from water bottle brand A , jar and lunch box brand 
B while chromium migration from water bottle brand A , lunch 
box brand B and infusion set and copper migration from 
tumbler and lunch box brand A was noticed above the 
permissible limits in 3% acetic acid at 60°C for 2 hours. 
At 60 for 2 hours cadmium migrated above the permissible 
limits from tumbler, lunch boxes brand A and B when 8% 
ethanol was used as extractant. Tumbler and lunch box 
brand A exhibited the migration of copper above the 
permissible limit in 8% ethanol. Interestingly, migration 
of zinc from lunch box brand B and lead fom infusion set 
71 
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above the permissible limits were observed in 8% ethanol at 
60 ®C for 2 hours. Most of the samples tested showed the 
leaching of heavy metals below the permissible limits when 
distilled water was used as an extractant at 60®C for 2 
h o u r s . Migration of cadmium from tumbler and lead fom water 
bottle brand B , above the permissible limits was observed 
in distilled water. At the same time lunch box brand B 
contributed for cadmium and chromium metals above the 
permissible limits in distilled water at 60°C for 2 hours. 
Interestingly, leaching of m a n g a n e s e metal was found below 
the permissible limits in all the extactants from ail the 
samples studied at 60"C for 2 h o u r s . 
Table - 13 illustrates the effect of long term 
contact and elevated temp.erture ie 60''C for 10 days on the 
m i g r a t i o n of heavy m e t a l s . It is apparent that increase in 
the migration of heavy metals was significant in 3% acetic 
acid compared to distilled w a t e r . Leaching of cadmium was 
continuously above the permissible limits from all the 
samples except water carrier water bottle brand B and 
infusion set in 5% sodium c a r b o n a t e . Apart from the samples 
v i z . m u g , jar, lunch box brand B and ryles tube, the 
m i g r a t i o n of lead was above the permissible limits from 
rest of the samples studied in 5% sodium carbonate. Water 
bottle brand B and infusion set contributed for chromium 
above the permissible limit in 5% sodium carbonate. 
Infusion set was the only sample from where the migration 
of m a n g a n e s e was noticed above the permissible limits in 5% 
sodium carbonate. Acidic nature of the extractant was 
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found to influence the maximum leaching of heavy m e t a l s . In 
3% acetic acid cadmium migrated significantly above the 
permissible limits from all the samples except water bottle 
brand B and infusion set. M i g r a t i o n of lead from water 
c a r r i e r , water bottles brand A and B , lunch box brand A and 
infusion set, whereas chromium from tumbler, jar, lunch box 
brand B and infusion set above the permissible limits was 
observed in 3% acetic acid. Migration of zinc above the 
permissible limits was noticed from samples viz. m u g , water 
bottle brand A , jar, lunch box brand B and ryles tube while 
that of copper from water carrier, tumbler and lunch box 
brand A in 3% acetic acid. It is interesting to note that 
manganese migrated from water bottle brand B in addition to 
infusion set in 3% acetic acid. In 8% ethanol, cadmium 
migration was also observed but at a lesser rate compared 
to acidic and basic media at 60*'c for 10 d a y s . Tumbler, 
m u g , jar, lunch boxes brand A and B and ryles tube showed 
the cadmium migration above the permisible limits in 8% 
ethanol. Migration of lead was noticed above the 
permissible limits from the samples viz. water bottles 
brand A and B , lunch box brand A and infusion set while 
copper migrated above the permissible limits from tumbler 
and lunch box brand A and chromium from tumbler, water 
bottle brand B , jar and infusion set in 8% e t h a n o l . Only 
two samples viz. water bottle brand A and lunch box brand B 
exhibited the migration of zinc above the permissible 
limits in ethanol kept at 60"c for 10 d a y s . In case of 
distilled water minimum leaching was o b s e r v e d . Cadmium 
77 
migrated above the permissible limits from tumbler, jar and 
lunch box brand B in distilled water. Water bottle brand 
B, lunch box brand A and infusion set contributed for lead 
migration while only lunch box brand B showed chromium 
migration above the permissible limits in distilled water 
at 60°C for 10 days. 
Thus in the present study, degree of leaching of 
heavy metals with nature of extractant was found to be in 
the order of 3% acetic acid > 5% sodium carbonate > 8% 
ethanol > distilled water. 
The leaching pattern of oxidisable matters is shown 
in Table-l'f - 16. It is clear that leaching of oxidisable 
matter is mostly affected by the alcoholic nature of 
extractant. At '^ O *C for 2U hours, (shown in Table-1'*), only 
water bottle brand B showed the migration of oxidisable 
matter above the permissible limits in 3% acetic acid. 
Though the leaching of oxidisable matters in samples viz. 
tumbler, m u g , water bottle brand A and B and jar was 
significant in J% acetic acid in comparison to distilled 
water but it was below the permissible limits. In 8% 
ethanol water carrier and water bottle brand B showed the 
migration of oxidisable matters above the permissible 
limits. In this extractant significant leaching but within 
the permissible limits was observed in most of the samples. 
Interestingly, none of the samples tested showed the 
migration of oxidisable matters above the permissible 
limits when distiled water was used as v'an extrac-tant\. 
^ \ ^ 
At 60 ° C for 2 hours (Tab 1 e-1 5 ) "'i. e . short term 
V r ^ ' D i i J 
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TABLE - 14 
Migration of Oxid isab le matters from various brands of p l a s t i c samples 
in d i f f e r e n t ex t rac tan t s kep t at 400C for 24 hours . 
Plastic Sample Distilled water 8% Ethanol 3% Acetic acid 
Water carrier 0.6 + 0.02 2.2 + 0.09®* 0.9 + 0.08 
Tumbler 0.5 ± 0.02 1.3 + 0.105® 1.0 + 0.05® 
Mug 0.8 ± 0.03 1.5 + 0.04® 1.2 + 0.06® 
Water bottle 
Brand A) 
0.7 ± 0.02 1.2 + 0.03® 1.8 + 0.02® 
Water bottle 
(Brand B) 
0.9 + 0.03 2.5 + 0.10®* 2.2 + 
a* 
0.05® 
Jar 0.8 + 0.02 1.8 + 0.06® ' 1.9 + 0.02® 
Lunch box 0.8 ± 0.01 0.9 + 0.01 0.5 + 0.02 
(Brand A) 
Lunch box 
(Brand B) 
Ryles tube 
Infusion set 
1.2 ± 0.04 
0.5 ± 0.02 
0.6 ± 0.02 
1.4 ± 0.05 
1.0 ± 0.02® 
0.9 + 0.08 
1.0 ± 0.02 
0.8 ± 0.03 
0.8 ± 0.02 
Permissible Limit 
a 
* 
Difference in volume of (O.OIN) Na^S^O- should 
not be more than 2 ml during titration in com-
parison with blank. 
Above than the permissible limit 
Significant increase in comparison to distilled 
water P < 0.05 was considered significant using 
Student's 't' test. 
Values are mean ± S.E. of four samples . 
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TABLE- 15 
Migration of Ox ld i s ab l e mat ters from va r ious b r a n d s of p l a s t i c samples 
in d i f f e r e n t e x t r a c t a n t s kep t at 60°C vfor 2 hour s . 
Plastic Sample Distilled water 8% Ethanol 3% Acetic acid 
Water carrier 2.2 + 0.09* 2.7 + 0.08®* 
Tumbler 0.9 + 0.02 1.5 + 0.03® 
Mug 1.0 ± 0.03 1.8 + 0.04® 
Water bottle 1.0 + 0.02 1.5 + 0.04 
(Brand A) 
Water bottle 
(Brand B) 
Jar 
Lunch box 
(Brand A) 
Lunch box 
(Brand B) 
Ryles tube 
Infusion set 
1.1 ± 0.05 
1.0 ± 0.02 
0.9 ± 0.02 
1.3 ± 0.02 
1.3 ± 0.03 
0.9 ± 0.05 
2.8 ± 0.11 
2.2 ± 0.09^ 
1.2 ± 0.02 
1.6 ± 0.05 
1.5 ± 0.06 
1.3 ± 0.03 
a* 
2.5 ± 0.11 
1.2 ± 0.02 
1.5 ± 0.03 
1.9 ± 0.04' 
2.5 ± 0.11 
a 
a* 
2.3 ± 0.03 
0.9 ± 0.02 
1.6 ± 0.02 
1.0 ± 0.02 
1.2 ± 0.02 
a* 
Permissible Limit : 
a 
Difference in volume of (O.OIN) Na2S203 should 
not be more than 2 ml during titration in com-
parison with Wank. 
Above than the permissible limit 
Significant increase in comparison to distilled 
water P 0.05 was considered significant using 
Student's 't' test. 
Values a r e mean ± S .E . of four s ample s . 
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c o n t a c t study water carrier, water bottle brand B and jar 
c o n t r i b u t e d for significant leaching of oxidisable matters 
a b o v e the permissible limit in 3% acetic acid and 8% 
ethanol while from rest other samples leaching was also 
s i g n i f i c a n t in comparison to distilled water but within the 
p e r m i s s i b l e limits in above said e x t r a c t a n t s . It is 
interesting to observe that only water carrier showed the 
m i g r a t i o n of oxidisable matters above the permissible 
limits in all the extractants at 60 **C for 2 h o u r s . Except 
w a t e r carrier none of the sample tested expressed the 
m i g r a t i o n of oxidisable matters above the permissible 
limits in distilled w a t e r . 
In the long term contact study ie 60"c for 10 days 
(Table - 1 6 ) leaching of oxidisable matters was seen above 
the permissible limits from water c a r r i e r , water bottles 
brand A and B , jar and infusion set in 3% acetic acid. 
Except tumbler and lunch box brand B , all the samples 
tested showed the migration of oxidisable matters above the. 
p e r m i s s i b l e limits in 8% ethanol. This increase in 
m i g r a t i o n was significant except in infusion set compared 
to distilled water. In distilled water water c a r r i e r , mug 
and jar contributed for the leaching of oxidisable matter 
above the permissible limits at 60 for 10 d a y s . 
T h u s , the degree of leaching of oxidisable matters 
with the nature of extractant was in the order of 8% 
ethanol > 3% acetic acid > distilled w a t e r . 
D I S C U S S I O N 
The present results demonstrated that the 
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TABLE - 16 
Migration of Oxidisable matters from various brands of plastic samples 
in different extractants kept at 60°C for 10 days. 
Plastic Sample Distilled water 8% Ethanol 3% Acetic acid 
Water carrier 
Tumbler 
Mug 
Water bottle 
(Brand A) 
Water bottle 
(Brand B) 
Jar 
Lunch box 
(Brand A) 
Lunch box 
(Brand B) 
Ryles tube 
Infusion set 
3.6 ± 0.20 
1.5 ± 0.05 
2.3 ± 0.11* 
1.8 ± 0.10 
1.8 ± 0.08 
2.1 ± 0.09* 
1.6 ± 0.10 
1.8 ± 0.08 
2.0 ± 0.08 
1.8 ± 0.06 
5.2 ± 0.15 
2.0 ± 0.14 
a* 
4.0 ± 0.15 
.a* 
a* 
2.5 ± 0.04' 
3.2 ± 0.10 
2.8 ± 0.08 
2.3 ± 0.06 
2.0 ± 0.04 
2.6 ± 0.03 
2.2 ± 0.05 
a* 
a* 
a* 
a* 
4.2 ± 0.20 
1.8 ± 0.08 
1.8 ± 0.10 
2.4 ± 0.11 a* 
3.0 ± 0.12 
a* 
2.7 ± 0.14 
1.8 ± 0.08 
2.0 ± 0.05 
a* 
3.0 ± 0.11 
1.8 ± 0.08 
a* 
Permissible Limit . : 
a : 
* 
Difference in volume of (O.OIN) Na^S^Oo should 
not be more than 2 ml during titrauon in com-
parison with blank. 
Above than the permissible limit . 
Significant increase in comparison to distilled 
water P 0.05 was considered significant using 
Student's 't' test. 
Values a re mean ± S .E . of four samples . 
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m i g r a t i o n of UV absorbing m a t e r i a l s , heavy m e t a l s , 
o x i d i s a b l e matters and also the overall migration from 
m a j o r i t y of plastic samples studied was found to be 
significantly higher either in acidic or in alkaline media 
in comparison to aqueous and alcoholic m e d i a . Present data 
also showed that migration rate in alcoholic m e d i u m was 
usually higher than aqueous m e d i u m . At a lower 
temperature o f 'fO C the migratory aptitude of leachable 
additives was slow but it increased consistently with 
increase of temperature {UO^C for 2 hours) and duration (60 
"C for 10 d a y s ) . Thus the results suggest that the chemical 
nature of extractants, temperature and extraction duration 
have the profound influence on the leaching pattern of 
-chemical a d d i t i v e s . Moreover, among the various brands and 
types of plastic samples studied, the amount of chemical 
additives leached out was found to vary from plastic to 
plastic under similar extracting conditions and extracting 
m e d i a . This suggests that the leaching of chemical 
additives is also influenced by the quality of plastics. 
T h e r e f o r e , the manufacturers may be advised to synthesie 
the plastic products using standard chemicals in an 
appropriate ratio recoummended by regulatory agencies and 
should ensure the quality and suitability of plastic 
m a t e r i a l s prior to their introduction to the m a r k e t . 
Interestingly, heavy metals such as copper, 
c h r o m i u m , cadmium, lead and zinc leached out in higher 
concentrations as well as above the permissible limits in 
acidic and basic m e d i a . It is important to note at this 
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juncture that the concentration of Cd, Pb and Cu leached 
out was higher than the average daily intake value and 
tolerance levels in drinking water for humans (U.S. Public 
Health Services) (Albro, 1987). These could pose great 
health risk as Mn and Pb have been reported to produce 
neurotoxicity while Cd is a nephrotoxic element (Dastur et 
al 1969; Friberg e t a l 1971; Silbergeldic Hurka 1980; 
Environ. Health Crit. 1992). C r , Cu and Zn have been 
reported to affect reproductive organs and cause skin 
diseases (Fregert and Rosman, 1964, Chuttani et al.,1965f 
Mena et al., 1969). 
From the samples evaluated for their safety for 
the use of household utensils, UV absorbing materials were 
also found to be above than the permissible limits thereby 
rendering them unfit for use at such conditions. 
Experimental studies have shown that UV absorbers such as 
acrylates, salicylates benzophenones, benzotriazoles and 
amines produce skin irritation, a s t e r i x i s , abnormal mental 
ability, paw edema and immunosuppresssive activity in rats 
(Anderson 1981, Irving 198'»). It is interesting to note 
that the oxidisable matters migrated remarkably higher and 
above the permissible limits in alcoholic medium in 
comparison to other extracting m e d i a . The oxidisable 
matters were also found to be above than the permissible 
limits particularly in alcoholic media in the samples 
tested. Since this class of chemical additives is known to 
cause adverse effects in humans (Schroder 1965). 
Therefore, it is advisable that the samples should be 
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tested for the preitence of oxldlsable matters before being 
m a r k e t e d . 
Since the chemical additives present in the 
t 
finished plastics are bonded by weak vander waals 
attracting force to the main polymer m a t r i x . Thus the 
increased rate of migration in acidic or basic media 
suggests that bonds of various additives attached with the 
polymer in the extracts having acidic and basic pH may be 
p o l a r i z e d . Increased rate of migration of heavy metals 
suggests that the plastic wares may not be safe for keeping 
fruit juices (like lemon, orange, g r a p e , apple juices 
e t c . ) , vinegar, sour milk and aerated drinks due to their 
acidic p H . Similarly substances having basic pH should 
also not be kept in plastic wares since global migration 
was found to be much above the permissible limits in basic 
m e d i u m . Use of plastic utensils or pouches for storage and 
packaging of food, drinking water, juices and biological 
fluids for longer durations is also not advisable as the 
m i g r a t i o n of chemical additives increased significantly 
with increase in period of extraction. Biomedical devices 
(ryles tube and infusion set) tested in the present 
experiment showed the migration of chemical additives above 
the permissible limits in certain conditions. At present 
there are no clinical report to suggest that the use of 
plastic for biomedical devices has resulted in any 
significant disease or disorder. Yet the patients who may 
be getting exposed to these leachable additives during 
prolong and repeated treatments may accumulate significant 
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quantities of additives. Further due to the disease 
condition they may be more susceptible to the effects of 
these a d d i t i v e s . 
Significant concentrations of some of the 
leachable chemical additives of plastics have been detected 
in the environment and tissues of animals and human 
beings. The levels of injurious chemicals in the human may 
further be increased as a result of their leaching from 
finished plastic products. 
The present results suggested that the use of 
plastic articles may be hazardous, if these are used by the 
consumers for the purposes other than those for which they 
have been designed and tested. It is also important to 
underscore at this juncture that the various brands of 
plastic materials showed leaching of additives a b o v e the 
permissible limits even at 60^C for 2 h o u r s . T h e r e f o r e , 
drinks like coffee and tea are not advisable to be taken in 
platic tumblers. 
The atmosphere consists of a large number of 
pollutants the ingestion or intake of even smaller amounts 
of toxic additives of plastic may further increase the body 
burden of toxic substances in the biological s y t e m . So the 
precautionary measures should be taken by consumer as well 
as by manufacturer to avoid the health risks during the use 
of plastic materials. Our observations are of immense 
significance as they could serve as a baseline data for 
fomulating the guidelines for the safe use of p l a s t i c s . 
C H A P T E R - II 
Implication of physico-chemical 
factors on the migration of phthalate 
esters and unreacted styrene monomer 
from tubings cdmmonly used for oral/nasal feeding 
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INTRODUCTION 
Plastics are being extensively used in hospitals 
for the storage and transfusion of blood and life saving 
fluids, circulation of essential fluids during surgery and 
peritoneal dialysis, as artificial support s t r u c t u r e s , organ 
parts etc. Dextrose, N-saline and blood packed plastic 
pouches have replaced the glass bottles to a major extent, 
due to the least chances of breakage during transportation 
and d e l i v e r y . In view of the above, possibilities of direct 
or indirect contact of human body to plastic m a t e r i a l s has 
also been increased and has become a subject of concern to 
the health scientists all over the w o r l d . Phthalate esters 
are widely used as plasticizers, in the fabrication of 
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medical and food grade plastics to impart softness and 
flexibility to the finished product and may constitute upto 
60% by weight of the final p r o d u c t . Many workers have 
reported the migration of D i ( 2 - e t h y l h e x y l ) p h t h a l a t e and 
other phthalate esters, from plastic bags into edible oils, 
b l o o d , life saving fluids (Dextrose and N - s a l i n e ) etc. 
(Jaeger and Rubin 1972; Srivastava et a l . , 1985, Cohen et 
a l . , 1991). It has been shown that phthalate esters can 
exert hepatotoxic, teratogenic, m u t a g e n i c and even 
carcinogenic effects in experimental animals (Seth, 1982; 
Tomita et a l . , 1982; Kluwe et a l . , 1982a,b; Thomas and 
T h o m a s , 1985; Rao et al.,1987). 
Styrene is commonly used in the production of 
p o l y m e r , co-polymers, reinforced p l a s t i c s , styrene butadiene 
rubber and in paint industry (Mark et a l . , 1969; 
T o s s a v a i n e n , 1978). Migration of styrene from polystyrene 
packages into water, dairy p r o d u c t s , and food stuffs 
(Withey, 1976) and from crafts and toys has been reported 
(Smirnova and Yatakova, 1966). Styrene is generally 
considered to be of a low order toxicity. However, 
neurological disorders involving the peripheral and central 
nervous systems of styrene industrial workers have been 
reported by several investigators (Seppalainen, 1978; Lilis, 
1978). Experimental studies revealed that styrene exerts 
hepatotoxic (Srivastava et a l . , 1982) m u t a g e n i c (Pahlova and 
S a r a m a , 1985) and antiferti1itic (Sadhna Srivastava 1989a,b) 
effects in animals. 
So far limited information is available on the 
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extent of migration of phthalate esters and styrene monomer 
from medical or food grade plastics under the conditions of 
their use. In the present investigation effect of some 
physico-chemical factors such a s , pH, t e m p e r a t u r e , chemical 
nature of extractant and extraction period on the leaching 
of di(2-ethylhexyl)phthalate (DEHP), dibutyl phthalate 
(DBP), dimethyl phthalate (DMP) and unreacted styrene from 
the tubings used in hospitals for oral/nasal feeding to 
seriously sick patients have been s t u d i e d . During the 
course of its use liquid food, juices and drugs which may be 
a c i d i c , alkaline or alcoholic are passed through them for 
different time intervals which has prompted to see the 
effects of temperature, duration and nature of extractants 
on the leaching behaviour of the commonly used phthalate 
plasticizers and styrene m o n o m e r . Leaching of different 
types of phthalate esters were estimated using reverse phase 
high performance liquid chromatography (HPLC) and that of 
unreacted styrene with the help of gas liquid chromatography 
(GLC). 
MATERIALS A N D M E T H O D S 
C H E M I C A L S 
Di(2-ethylhexyl)phthalate, dibutyl phthalate, 
dimethyl phthalate and styrene were obtained from Ranbaxy 
Laboratories India Limited. M e t h a n o l , n-hexane and 
a c e t o n i t r i l e of HPLC grade were procured from Sissco 
R e s e a r c h Laboratories, India. The tubings used for 
oral/nasal feeding were purchased from local m a r k e t . 
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METHOD 
The tubings free from paints and adhessive were cut 
2 
into 5x0.3 cm surface area strips. The strips were washed 
thoroughly with tap water and then twice with distilled 
2 
w a t e r , dried and w e i g h e d . I cm surface area strips were 
extracted with 1 ml of extractant. This study was conducted 
as per the recommendations of the test protocols developed 
at ITRC, Lucknow on the basis of the guidelines of national 
and international regulatory agencies (ITRC Manual 1988). 
E x t r a c t a n t s 
1. Disti1 led water 
2. Ethanol 
3. 3% Acetic acid 
U-. 5% Sodium carbonate 
Extracting temperature 
1. 25®C) for 24 hours (Room temperature) 
2 . 1+0 "C for 2k hours 
3. 60®C for 1,2,5,10 and 15 d a y s . 
k. 70®C for 2k hours. 
EXTRACTION PROCEDURE 
Phthalate Esters 
Sample pieces of pre-weighed plastic tubings were 
refluxed with methano1:n-hexane (1:1) for 5-6 hours for 
estimating total contents of phthalate esters in them. The 
solvent was then evaporated and residue was made up to 10 ml 
by m e t h a n o l . DEHP, DBP and DMP from various plastic 
extracts were extracted by the method of iioole and Wilberely 
(1977), with some modifications and quantified on H P L C . The 
extractants were extracted with acetonitrile and n-hex,ane 
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twice. The organic phase of each step was mixed and 
e v a p o r a t e d , and made upto 10 ml with m e t h a n o l . The samples 
thus prepared were filtered and loaded into the HPLC column 
for identification and q u a n t i f i c a t i o n . Each sample was 
analysed in quadruplicate. 
Conditions of HPLC 
HPLC Varian Vista model (5500) with U V : 2 0 , Vista 
U1 traabsorbance detector at 231* nm w a v e l e n g t h , micropak it mm 
X 15 cm reversed phase C ODS c o l u m n , methanol:water 
18 
(90:10) mobile phase and 1 ml/min flow rate was used. The 
detector was applied at the highest sensitivity of 0.02. 10 
ul of the sample was injected and the peaks obtained were 
compared with standard peaks obtained at that particular 
retention time. Results were quantified with a 
Spectraphysics SP 4270 integrator and calculated as 
m i c r o g r a m of plasticizer migrated in 200 ml extractant. 
U N R E A C T E D STYRENE 
W a s h e d , dried and weighed sample pieces of plastic 
tubings were refluxed in dimethyl formamide till the polymer 
got completely dissolved, precipitated with methanol and 
finally filtered. The filtrate was evaporated to dryness 
and m a d e up with dicholromethane to 10 m l . The samples were 
then injected to GLC column. Comparison of peak of samples 
with peaks of standard gave the contents of styrene present 
as unreacted monomer in plastic (BIS 1982). 
Amount of unreacted styrene monomer leached in 
various extractants at different durations was estimated by 
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extracting the extractants with d i c h i o r o m e t h a n e twice. The 
organic phase of each step was mixed and e v a p o r a t e d , and 
made upto 10 ml with dichioromethane. The samples thus 
prepared were filtered and injected in C L C for estimation of 
unreacted styrene leached out. Each sample was analysed in 
quadrupli cate. 
Conditions of Gas Liquid Chromatography 
Gas Liquid Chromatograph: Shimadzu 
Carrier gas - Nitrogen gas of highest purity 
Detector - A flame ionization detector 
Column - A 6 feet length and 2 m m ID 
glass column filled with 5% 
OV-17 on W - H P 100/120 m e s h . 
Recorder - A one MV 250 m m strip chart 
recorder- with a full scale 
response time of one second 
and a m i n i m u m chart speed of 
12.5 m m / m i n . 
Sample injected - Samples w e r e loaded with a 10 
ul, a H a m i l t o n m i c r o syringe. 
e 
Conditions of column temperature (100 C) and 
carrier gas flow rate (25 m l / m i n ) were selected to produce 
adequate separation in m i n i m u m amounts of time. Accurately 
four standards of styrene (1,5,10 and 15 ul) diluted in 
dichioromethane were prepared, introduced into column and 
were allowed for complete e l u t i o n . From standard 
chromatograms, mass versus peak heights were prepared. 
Standards were run each time if changes in operating 
conditions were made to ensure no significant drift in the 
instrument. Results were calculated as m i c r o g r a m of styrene 
migrated in 200 ml extractant. 
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Statistical Analysis 
Data was evaluated by the students 't' test. A 
value of P<0.05 was considered to be significant ( F i s c h e r , 
1950). 
RESULTS 
Effect of various factors on the leaching pattern 
of phthalate esters are illustrated in Table 17 and Figures 
12 - U . 
It is evident from Tables-17ot,bthat DEHP leaches out 
in higher quantities in all the extractants in comparison to 
DBF and D M P . At room temperature (—25°C) mig r a t i o n of DEHP 
was highest in 3% acetic a c i d . But at 'fO°C, 60®C and 70 
m a x i m u m DEHP leached out in 5% sodium c a r b o n a t e . Migration 
of DBP was highest in 5% sodium carbonate at all 
temperatures studied. DBP could not be detected at room 
temperature in distilled w a t e r . Least amounts of DMP 
leached out when compared to DEHP and D B P . Except in 3% 
acetic acid DMP was not detected in any extractant at room 
temperature ( — 2 5 ® C ) . M a x i m u m leaching of CMP at f^O was 
in 5% sodium carbonate while at eO^C and 70"C it was in 3% 
acetic acid. 
In general, at 70°C, 60°C, itO^C and at room 
temperature (==25®C) leaching of D E H P , DBP and DMP occurred 
to a m a x i m u m extent in 5% sodium c a r b o n a t e . In 3% acetic 
acid leaching was less than 5% sodium c a r b o n a t e , but higher 
than 8% ethanol and distilled w a t e r . M i n i m u m leaching was 
seen in distilled water at all the temperatures and 
durations studied. T h u s , the pattern of leaching was in the 
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Fig ure-12:-Effect of duration on the migration of Di(2-ethylhexyl) 
phthalate (ug/200inl) from tubings in different extractants 
at 60 ®C. 
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FiRure-13:-Effert of dur^^tlon on the migration of Dlbutyl phthalate 
fug/200inl) from tubings in different extractants at 60 C. 
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Figure-14:-Effect of duration on tbe migration of Dimethyl phthalate 
(ug/200 ml) from tubings in different extractants at 60 
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order 5% sodium carbonate > 3% acetic acid > 8% ethanol > 
distilled water. The process of leaching was slow at room 
temperature (—25°C) but as the temperature increased to kO 
60®C and 70°C, it increased consistently (Table - 17) 
When the tubings were extracted in various 
extractants at 60°C for different d u r a t i o n s , the migration 
of D E H P , DBP and DMP was m i n i m u m on first day but it 
increased with the increase in duration of contact i.e. 2,5 
and 10 days significantly. The process of leaching slowed 
down after 10th day of extraction as there was no 
significant difference in the quantities of D E H P , DBP and 
DMP leached out on 10th day and on 15th day (Fi'^gure 12 -
I'*). .Maximum leaching was found in 5% sodium carbonate 
while m i n i m u m in distilled water. 
Total content of unreacted styrene monomer was 
found to be 173 mg/g of plastic tubing. Leaching of styrene 
in different extractants at 25°C, ^ O ^ C , SO^C and 70"C kept 
for 2U hours is shown in Figure 15. 
It is evident from Figure 15 that leaching pattern 
of styrene was similar to that of phthalate esters' 
leaching. Maximum leaching of styrene was observed in 5% 
sodium carbonate while minimum leaching was seen in 
distilled water at all the temperatures studied. Minimum 
amounts of styrene leached at room temperature (—25°C) but 
gradual increase of extracting temperature (kO C , 60°C and 
70°C) assisted in enhanced rate of leaching. T h u s , maximum 
leaching occurred at 70°C. 
Effect of extraction duration on the migration of 
Figure-15:-Influence of temperature on the migration of Styrene monomer 
(ug/200 ml) from tubings in various extractants kept 
for one day. 
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Figure-16:-Effect of duration on the migration of styrene monomer 
(ug/200 ml) from tubings in different extractants at 60 
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styrene in various extractants at 60 C is shown in Figure-
16. Here also the degree of leaching at different time 
intervals with respect to extractants was in the order of 5% 
sodium carbonate > 3% acetic acid > 8% ethanoi > distilled 
w a t e r . On the first day leaching was lesser but increasing 
the duration of extraction period i.e. 2,5 and 10 days, the 
process of leaching also increased s i g n i f i c a n t l y . The 
leaching process of styrene also slowed down after 10th day 
of extraction as there was no significant difference in the 
concentrations of styrene migrated on 10th day and 15th day. 
DISCUSSION 
The results of this study pointed out that the 
pattern of leaching of plasticizer D E H P , DBF and DMP and 
styrene monomer in general, was in the order of 5% sodium 
carbonate > 3% acetic acid > S% ethanoi > distilled water. 
At different temperatures leaching of phthalates and styrene 
monomer occurred to a m a x i m u m extent in 5% sodium carbonate 
(pH 10). In 3% acetic acid (pH U.O) leaching was less than 
distilled water (pH 6.8). M i n i m u m leaching was observed in 
distilled water at all temperatures and durations studied. 
Increase in leaching was observed with increase in 
temperature and storage time. 
Our results indicate that enhanced leaching of 
phthalate esters and styrene monomer may occur due to longer 
duration of contact and at elevated temperatures. Chemical 
nature of extractants also played an important role on the 
leaching pattern. In plastics, plasticizer and polymer 
chain is bonded in such a way that former is embeded in the 
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gaps of latter having the weak Vander Waal's attracting 
forces with each other. But the leaching occurs due to the 
fact that the plasticizer components, which remain unreacted 
on the surface or the matrix of polymer, leach out in the 
commodities which pass through them. Similarly the monomers 
which do not get complete polymerisation and remain 
unreacted on surface gets liberated into the liquids which 
come in contact to them. The results of our study manifest 
that leaching of phthalate esters and styrene monomer is a 
time, temperature and nature of extractant 
(acidity/alkalinity) dependent phenomenon. 
The results of this study also manifest that 
varying quantities of phthalate esters and styrene monomers 
may enter into the biological system of patients, while 
taking liquid food or drug through polymer tubings. 
A l t h o u g h the quantities of D E H P , DBP and DMP leached out 
were low in comparison to admissible daily intake for human 
beings (1 mg/kg body weight/day). H o w e v e r , migration of 
other components of plastic like heavy m e t a l s , UV absorbers, 
organotin stabilizers, global components and oxidisable 
m a t t e r s have also been reported into the food commodities 
and life saving fluids (Koch and Figge, 1972; A l a m et al., 
1988b; 1990; Ojha et al., 1990). B e s i d e s , the migrants of 
p l a s t i c s , the small quantities of environmental pollutants 
v i z . pesticides, fungicides, polynuclear .aromatic 
h y d r o c a r b o n s , heavy metals etc. present in biological system 
may also alter the toxic response of even smaller quantities 
of D E H P , D B P , DMP and styrene monomer reaching the patients 
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suffering from various diseases. These studies are of 
itnnense significance in view of the reported toxic effects 
of phthaiate plasticizers and styrene m o n o m e r s . 
C H A P T E R - III 
Effect of plasticlzer and stabilizer 
on polyamlne levels In rats 
i.. Induction of hepatic polyamines 
by DEHP in rats 
ii. Effect of DBTL on regional brain liver 
and kidney polyamines in rats 
iii. Effect of co-administration of DEHP on brain 
liver and kidney polyamine levels in rats 
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INTRODUCTION 
The increasing demand of Di(2-ethyIhexy 1) 
phthalate (DEHP) as a plasticizer in plastic industries, 
its widespread distribution in the environment and its 
detection in significant quantities in blood and tissues of 
the patients receiving blood transfusion or undergoing 
hemodialysis have aroused concern regarding the toxicogenic 
potential of this compound (Jaeger and Rubin, 1972; Mayer 
et a i . , 1972; Thomas and Thomas, 1985; Albro, 1987). 
Leaching of phthalate esters including DEHP from plastic 
wares into stored materials like m i l k , water, juices, 
blood, life saving fluids, butter, cheese, confectionaries 
and alcoholic beverages has been well documented (Peck et 
a l . , 1979 Sherwin and Jacobson , 1982 ., Srivastava et 
a l . , 1985 ;Laurence et al., 1988,1989; Cohen et a l . , 1991). 
Plastic dumps and wastes are also one of the ways of 
depositing phthalates in our environment since 
biodegradation occurs readily in aerobic conditions t 1/2 = 
2-k weeks (Warms,^ 1987). The toxic effects of DEHP has 
been reviewed (Thomas and Thomas, 1985; Burg , 1988). 
C u r s o r i l y , liver and testes were reported to be the target 
organs. Laboratory animals treated with DEHP showed 
h e p a t o m e g a l y , testicular atrophy, an increase in number and 
size of hepatic peroxisomes and renal polycystic disease 
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(Onda et al I97k ; Dunnill et a l . , 1977; Shiota and 
Nishimora , 1982 Moody and Reddy, 1978; Thomas and Thomas, 
1985; Crocker et a l . , 1988; B u r g , 1988). National 
Toxicological Programme (NTP) after a two year DEHP feeding 
experiment in rats have declared DEHP as a carcinogen 
(Kluwe et al.,1982 a,b ) but the results need further 
confirmation. Xn vitro studies by Sanchez et al. (1987) 
have shown that carcinogenicity of DEHP is mediated by an 
indirect mechanism and not by covalent interaction of DEHP 
with D N A . 
Dibutyltin dilaurate (DBTL), a dialkyltin 
compound, has wide applications ranging from its use as a 
stabilizer in polyvinyl chloride and other polymeric 
products to a catalyst in the production of polyurethane 
foam, antioxidant in rubber industry and also as a 
fungicide and biocide (Piver, 1973; Kimbrough, 1976; 
W i l k i n s o n , 1984; Snoeij et al,, 1987). Migration of 
organotin stabilizers from PVC pipes and plastic devices 
into stored food stuffs and biological fluids and 
contamination of the biosphere have aroused a great concern 
regarding its toxicogenic potential (Woggon and U n d e , 1967; 
C a r r , 1969; Koch and Figge, 1972; W i l l i a m wu et al., 1989). 
The toxicity of organotin compounds have been well 
documented (Snoeij et a l . , 1987; B o y e r , 1989). Earlier 
studies conducted in our laboratory have shown that DBTL 
increases heme oxygenase and inhibits the xenobiotic 
metabolising enzymes of liver (Mushtaq et a l . , 1981). DBTL 
also produces a relatively selective pattern of 
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neurotoxicity involving several brain regions, especially 
frontal c o r t e x , hypothalamus and pons-medulla, since 
alterations in neurotransmitter levels and behavioral 
indices were maximal in these brain regions (Alam et a l . , 
19880C,1993 ). 
Polyamines viz .Putrescine ,spermidine and 
spermine , are the polycationic aliphatic amines of low 
molecular w e i g h t , present in almost all the cells (Tabor 
and T a b o r , ISS^t). Polyamines are involved in many 
intracellular processes like growth of normal and 
neoplastic cells, cell differentiation, DNA and chromatin 
s t a b i l i s a t i o n , calcium homeostasis and in protein synthesis 
(Tabor and T a b o r , 1984; Schuber 1989; Balasundaram and 
T y a g i , 1991). The function of polyamines in central 
nervous system maturation or after injury may presumably be 
m e d i a t e d by their interaction with nucleic acids, A 
specific polyamine binding site has been reported to occur 
selectively on the inner surface of the synaptosomal 
m e m b r a n e s (Gilad and Gilad, 1991). Polyamines play several 
key roles in controlling brain functions such as second 
m e s s e n g e r s , modulation of synaptic transmission by 
influencing the neurotransmitter uptake, and experience 
dependent brain growth (Ferchmin and Eterovie, 1987; 
S c h u b e r , 1989; Gilad and G i l a d , 1991; 1992 ). 
Liver consists of higher 'concentration of 
polyamines compared to brain .Modulation in polyamine 
biosynthesis in rat liver has been reported on exposure to 
hepatotoxins (HoJtta e t a l . , 1973; Poso and P e g g , 1982; 
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Desiderio et al., 1987; Perin and Sessa ,1993 ) and 
carcinogens (Neish and Key, 1967; Scalabrino, et al ., 
1978; Pegg , 1988 ; Mates et a l . , 1992). Marked 
accumulation of renal polymines were also observed during 
cell injuries and hypertrophy (Henningsson et a l . , 1978; 
Cameroon et a l . , 1980 Goldstone et a l . , 1982 ; Koeing et 
al . , 1983b; 1985 ) 
Toxicological studies pertaining to interaction of 
pollutants are very important in ecotoxicology, since 
living organisms are exposed to m u l t i p l e contaminants in 
natural ecosystem. The antagonistic or synergistic effects 
of combined exposure may give the essential knowledge of 
their toxicogenic potential, as well as their mode of 
a c t i o n . Since, the possibility of simultaneous exposure of 
organotin stabilizers and phthalate plasticizers to human 
does exist in environment through various sources including 
due to their migration from plastic devices into stored 
commodities during their usage. Therefore the present study 
deals with the effects of D E H P , DBTL alone and their 
combination on brain, liver and kidney polyamines which are 
the markers of neurotrauma, cell injury and neoplasia. 
MATERIALS AND METHODS 
Chemicals 
Putrescine dihydroch1 oride , spermidine 
trihydrochloride, spermine tetrahydroch1 oride and dansyl 
chloride were obtained from Sigma Chemical C o . , St. Louis, 
M O (USA). Dibutyltin dilaurate was purchased from Fluka 
A G , Switzerland and di{2-ethy 1hexy1) phthalate from Ranbaxy 
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Laboratories India, L i m i t e d . Ali other reagents and 
solvents were of analytical and H P L C grade procured 
locally. 
Animals and Treatment 
For the dose dependent effects of DEHP on hepatic 
p o l y a m i n e s , Wistar male albino rats (125-150 gms) obtained 
from Industrial Toxicology Research C e n t r e , Animal 
Breeding Colony, were maintained on a pellet diet 
(Hindustan Lever Limited, India) and water ^ 1i bi tum. The 
rats were distributed among five groups of five animals 
e a c h . The animals of group I, II, III and IV were 
administered orally DEHP 250, 500, 1000 or 2000 mg/kg body 
weight respectively, diluted in groundnut oil daily for 14 
days . 
The animals of G r o u p V were given an equivalent 
amount of groundnut oil in an identical manner which served 
as contro1s. 
Treatment with DBTL 
Wistar female albino rats (125^10 gm) kept on 
pellet diet and water ad 1i b i t um were used in the present 
s t u d y . Animals were randomly assigned to three groups of 
five animals each. Animals of Group I and II were given 
DBTL 20 or kO mg/kg body weight P.O., diluted in 0.2 ml 
groundnut oil respectively for three consecutive days. 
Animals of Group III served as controls and were 
administered an equivalent amount of groundnut oil 
identically. 
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Coadministration of DEHP and DBTL 
Wistar male albino rats (I'^O + 10 g m s ) kept on 
pellet diet and water ^ 1i b i t um were randomly housed in 
plastic cages in four groups of five animals each and kept 
on a 12 hours dark/light illumination c y c l e . Procedure of 
dose administration is given below. 
G r o u p I 
G r o u p I I 
G r o u p I I I 
DEHP 200 mg/kg body w e i g h t . 
DBTL 10 mg/kg body w e i g h t . 
DEHP 200 mg/kg+DBTL 10 mg/kg body weight 
All the doses were diluted in 0.2 ml groundnut oil 
and administered P . O . , for 14 days. Group IV animals 
served as controls and received an equivalent amount of 
groundnut oil identically. 
Processing of Tissues 
The animals were sacrificed by decapitation Ik 
hours after the last dose brain, liver and kidney as needed 
were dissected out carefully and w e i g h e d . Brain regions 
v i z . , pons-medulla, hypothalamus, h i p p o c a m p u s , cerebellum, 
frontal cortex and corpus striatum were separated according 
to the method of Glowinski and Iversen (1966). Tissues 
were homogenised in 20% w/v ice cold 0.2 M perchloric acid 
(PGA) using Potter-Elvehjem homogenizer fitted with a 
tefflon pestle. The homogenates were kept at 5 C for 2 
hours and centrifuged at 6000 rpm for 10 minutes in a 
refrigerated centrifuge. The polyamine levels were 
estimated from supernatants following either thin layer 
chromatographic method (Seller and L a m b e r t y , (1975) or high 
performance liquid chromatographic method (Redmond and 
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T s e n g , 1979). 
ANALYTICAL METHODS FOR POLYAMINE ESTIMATION 
By Thin Layer Chromatography 
Pansy lat ion of polyatnines : 
250 ul of each tissue extract (PGA extract) was 
taken in small glass test tube (10 x 75 m m ) and equal 
volume of dansyl chloride solution (20 mg/ml in acetone) 
was added and mixed gently. The solution in test tubes was 
neutralized with 2 M KHCO upto pH 7.8 c a r e f u l l y . The 
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neutral solution was vortexed for 60 s e c o n d s . The tubes 
were then capped with cork stoppers and kept in dark at 
room temperature for overnight ( "18 h o u r s ) . Blanks and 
standards were prepared in a similar w a y . For blank 250 ul 
of 0.2 M PGA and for standards 100 ul of 1 m M standard 
polyamine solution mixed with 150 ul of 0.2 M PGA and 
dansylated similarly. 
Next morning 100 ul of 10% proline solution was 
added to each tube, to use up excess of dansyl chloride, 
mixed and kept in dark for 60 minutes at room temperature. 
Acetone was evoporated from each tube by passing a stream 
of nitrogen gas at room temperature. 400 ul of analytical 
grade benzene was added to each tube, mixed on vortex 2-3 
times gently and kept in dark for 10 m i n u t e s to separate 
organic and aqueous phases. Dansylated polyamines were 
extracted in benzene layer, stored in cold with precautions 
to avoid evoporation of benzene. 
TLG of dansvlated polyamines: 
Silica gel G with binder was used to prepare 
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p l a t e s . TLC plates were activated by heating at 100 ± 5 C 
for 1 h o u r . The known amounts of blanks, standards and 
tissue samples were applied on cooled TLC plates carefully. 
Polyamines were separated by developing the plates in three 
runs in the same directions. 
First run 
Second run 
Third run 
Benzene : Cyclohexane : M e t h a n o l , 85:15:1.5 
Cyclohexane : Ethylacetate, 3 : 2 
Cyclohexane : Ethylacetate, 1 : 1 
After the completion of runs, plates were air 
dried and stabilizer solution (Triethano1 amine : 2-
P r o p a n o l , was sprayed uniformly. Plates were stored 
under vacuum in dark. 
Detect ion of polyamine spots 
Dansylated derivatives of polyamines were 
visualised in UV light, marked comparing to standards and 
scraped o u t . The scraped silica gel having polyamines is 
mixed with known volume of dioxane, mixed well and allowed 
the extraction to occur for 60 m i n u t e s . Then tubes were 
centrifuged at 2,500 rpm and organic solvent phase is taken 
for polyamine measurement in a Kontron Spectroflurometre, 
activation at 365 nm and emission at 520 nm. 
By High Pressure Liquid Chromatograph 
250 ul of tissue PCA extract was mixed with 1 ml 
of 2 N N a O H , followed by 10 of benzoyl c h l o r i d e . The 
m i x t u r e was shaken briefly using a vortex mixer for 30 
seconds and incubated for 20 minutes at room temperature. 
2 ml of saturated sodium chloride solution was added to 
each tube and the solution was extracted with known volume 
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of diethyl ether thrice. The tubes were centrifuged at 
2500 rpm for 10 minutes, the upper organic phase was 
removed in a stream of nitrogen g a s . The residue was 
dissolved in kOO jui of HPLC grade m e t h a n o l . Blanks without 
tissue extracts and standards with known standard polyamine 
solutions were benzoylated in a similar w a y . The aliquots 
were examined on HPLC. 
H P L C Operating Conditions 
Varian Vista Model (5500) with U . V . 20, Vista 
U1traabsorbance detector at 25k nm. 
Column : Reversed phase micropack 5 M C , 
mm X 30 cm ) ODS 
Mobile Phase 
Column temperature 
Flow rate 
Methanol : w a t e r , 58 : k2 
Ambient 
1 m i / m i n . 
A good separation of p u t r e s c i n e , spermidine and 
spermine was achieved (Figure.17). Results were quantified 
with a spectraphysics SP '•270 integrator and calculated as 
nano moles of polyamine per gram corresponding tissue. 
Statistical Analysis 
The significance of differences between treated 
and control rats were determined by students't' test and 
the results were considered significant when P < 0.05 
(Fischer, 1950). 
RESULTS AND DISCUSSION: 
INDUCTION OF HEPATIC POLYAMINES BY DEHP. 
RESULTS 
No sign of overt toxicity was observed in any 
group of DEHP treated anirmls throughout the J days of 
QC 
-I 
UJ 
Flgure-1^-Separation of Putrescine, Spermidine and Spermine (standard' 
mixture sample). 
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experimental period. There was no gross physical 
abnormality in animals. H o w e v e r , decrease in body weight 
gain in the group of animals exposed to DEHP 1000 or 2000 
mg/kg was observed (Figure.18). Controls and 250 or 500 
mg/kg DEHP treated animals gained weight throughout the 
course of experiment, however animals in the latter groups 
gained weight at a slightly lower rate than control 
a n i m a l s . Table-15 shows the effect of DEHP on absolute and 
relative liver weights. It is observed that absolute liver 
weights were increased significantly only at higher dose 
exposure of DEHP 1000 or 2000 m g / k g . But the calculated 
relative liver weights were increased significantly on 
exposure to DEHP 500, 1000 or 2000 mg/kg . The levels of 
putrescine spermidine and spermine were induced in a dose 
dependent manner shown in Table 16. The accumulation of 
spermidine was more than spermine and the 
spermidine/spermine ratio was found to increase with the 
increasing concentration of DEHP treatment. Induction of 
putrescine was 48%, lO'f^, 196% and 268% and spermidine was 
16%, 39%, 67% and 138% while that of spermine was 7%, 17%, 
38% and 78% at dose of DEHP 250, 500, 1000 and 2000 mg/kg 
respectively {Figure-19). 
DISCUSSION 
Decrease in the body weight gain on exposure to 
increasing concentration of DEHP has already been reported 
(Gray et a l . , 1977; Parmar et a l . , 1987). This decrease in 
body weight gain in animals exposed to DEHP was not due to 
low food intake, since the food intake did not differ 
t e O n 
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TABLE -18 
Effect on DEHP on liver weights 
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DEHP dose 
(mg/kg) 
Absolute Liver 
weight (g) 
Relative Liver 
weight (g/lOOg 
body weight) 
0 Control 7.06±0.341 4.12±0.165 
250 7.98±0.504 4.75±0.225 
500 8.52+0.671 5.32±0.227* 
1000 8.68±0.52* 5.7110.198* 
2000 8.98±0.58* 6.51±0.161* 
All values represent mean ± S.E. of five animals. 
* P < 0.05, when compared to control (Student 't' test) 
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significantly between the control and experimental a n i m a l s . 
A possible explanation for the decrease in body weight gain 
among rats administered DEHP could be due to the effect of 
DEHP per se or its metabolites on the efficiency of the 
utilisation of food or on absorption from gastro-intestinal 
tract (Pillai, 1983). 
Increase in liver weight and size on exposure to 
higher doses of DEHP observed in present study, has also 
been reported earlier, irrespective of the route of 
administration (Nikonorow et a l . , 1973: Daniel and Bratt, 
1974; Lake et al., 1975; Srivastava et ai . , 1975; Parmar et 
a l . , 1987). The xenobiotics have been reported to cause 
liver enlargement in the laboratory animals without any 
pathogenic effects. These compounds are main1y.metabo1ised 
by hepatic drug metabolising enzymes, and induce liver 
growth due to increase in the functional load of the organ 
(Goldberg, 1966; Conney, 1967). The capacity of these 
compounds to induce liver growth largely depends on their 
elimination from the body (Kunz et a l . , 1966). DEHP is non 
polar and lipid soluble, and its major m e t a b o l i t e M E H P , is 
further metabolised in liver. The liver enlargement 
amongst animals exposed to DEHP may thus be due to the 
increased functional load on the o r g a n . 
Polyamines are the polycationic species, required 
for optimal growth in all the cells tested. Reports 
indicate that rapidly growing cells have higher levels of 
ornithine decarboxylase and polyamines than slowly growing 
or quiescent cells. When the quiescent cells are 
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stimulated, the levels of ornithine decarboxylase and 
polyamines usually increase before an increase in the 
content of D N A , RNA or protein (Janne et a l . , 1978; Tabor 
and Tabor, 1984). In the present study induction in the 
levels of putrescine, spermidine and spermine were observed 
in a dose dependent m a n n e r . Heby et a l . (1982) have 
reported that spermidine content of cells in culture showed 
a direct linear correlation with the specific growth rate, 
indicating that spermidine accumulation is an event 
primarily associated with the process of cell replication. 
DEHP has been shown to cause proliferation of hepatic 
peroxisomes, a property shown by hypolipidemic agents and 
carcinogens (Lake et al., 1975; Reddy et a l . , 1980; Warren 
et a l . , 1980; Mitchell et a l . , 1985; Marsman et al., 1988), 
Proliferation of liver cells on exposure to DEHP supports 
our study. The observed increase in liver weight with a 
significant induction in polyamine levels following 
exposure to DEHP is, therefore due to cellular 
p r o l i f e r a t i o n . 
The induction in polyamine levels by DEHP does not 
appear to result from damage to liver as histopathological 
studies have shown that liver enlargement followed by the 
oral administration of DEHP was not associated with any 
significant changes in cellular structure (Seth et al., 
1979). None of the marker enzymes of liver damage like 
serum glutamic oxaloacetic transaminase (SCOT) and serum 
glutamic pyruvic transaminase (SGPT) were affected by the 
exposure to plasticizer. Thus liver damage on DEHP 
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administration is not due to celluiar necrosis (Srivastava 
et al., 1975; Seth et ai., 1979). 
Hepatotoxins like carbon tetrachloride have been 
reported to induce the levels of putrescine while 
decreasing the levels of spermidine and spermine due to the 
increased acetylation of spermidine and spermine' which 
increase the degree of back conversion (Siimes, 1967; 
Matsui and Pegg, 1980; Matsui et ai . , 1981.Poso and Pegg, 
1982). Interestingly, DEHP increased the levels of 
putrescine spermidine and s p e r m i n e , this may possibly be 
due to the inhibition or lack of back conversion i.e. 
formation of N-acety1spermidine and N-acetyIspermine which 
get converted into putrescine and spermidine respectively 
in the presence of enzyme polyamine oxidase (Bolkenius and 
Seller, 1981; Suzuki et a l . , 1981). 
Another possible reason for increased levels may 
be that even if the N-acetyl spermidine and N-
acetylspermine may be forming but another enzyme 
deacetylase might be converting the acetylated products 
back into spermidine and spermine (Libby, 1978). But 
subsequent workers have been unable to conform this type of 
back conversion (Blankenship, 1979; Seller et a l . , 1980; 
Pegg et al., 19811). 
Elevations in the levels of hepatic polyamines 
were reported in both normal and neoplastic tissues, 
undergoing accerlated growth (Russell, 1973; Raina and 
Janne, 1975) and on liver of the rat bearing Rd/3 sarcomas 
showed increased concentrations of polyamine indicating the 
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significant positive correlation with tumour growth (Neish 
and K e y , 1967). National Toxicology Program after a two 
year DEHP feeding study concluded that DEHP is a carcinogen 
in Fisher rats and BEC 3F mice due to significant 
increase in liver tumours (Kim et a l . , 1976; N T P , 1983). It 
has been reported that DEHP can cause neoplastic nodules 
and hepatocellular carcinomas (Kluwe et a l . , 1982 a, b) and 
can also induce liver tumours ( Rao et a l . , 1987) in male 
rat on long term exposure. In the light of above 
observations, 6ur results raise the possibility that 
accumulation of polyamines on administration of DEHP is due 
to cellular proliferation, which gets significance in view 
of the some of the carcinogenic effects of DEHP . 
Ill B . EFFECT OF DIBUTYLTIN DILAURATE (DBTL) ON REGIONAL 
BRAIN,LIVER A N D KIDENY POLYAMINES 
RESULTS 
The DBTL-treated animals were found to be w e a k , 
dull and lethargic throughout the experimental period 
compared to controls. But no mortality was observed in any 
treated group. A gradual loss in body weight gain of 
treated animals was more pronounced at the higher dose kO 
mg/kg DBTL (Figure-20). There was no change in brain and 
kidney weights, but the absolute liver weight was increased 
only at higher dose of kO mg/kg. H o w e v e r , the relative 
liver weights were significantly induced at both the dose 
levels (Table-20). Table-21 - 2k shows the effect of DBTL 
on whole brain and regional brain p o l y a m i n e s . It was 
observed that putrescine, spermidine and spermine levels 
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w e r e induced significantly in dose dependent manner in 
w h o l e brain and in each brain part studied. 
Maximum induction of putrescine levels was 
observed in frontal certex (220%) , ponsmedulla (166%) and 
hypothalamus (110%) . Spermidine contents were remarkably 
increased in frontal cortex (139%), ponsmedulla (159%) and 
hypothalamus (111%) while a notable spermine induction was 
observed in ponsmedulla (119%), hippocampus (101%) and 
frontal cortex (118%), whereas corpus striatum was the 
least affected part shown in Figure 21. Polyamine contents 
in liver were found to increase on exposure to DBTL in a 
similar dose dependent manner (Table - 2 5 ) . A different 
pattern of alteration in kidney polyamines was observed 
(Tabie-26), A significant induction of renal putrescine, 
(57%), spermidine (22%) and spermine (1^%) was observed at 
20 mg/kg DBTL treatment, but only renal spermidine was 
observed to induce (57%) at 'fO mg/kg DBTL treatment. 
Renal putrescine and spermine remained unaltered . 
Discussion 
Many of the organotin compounds such as di-n-
butyltin dichloride, diphenyltin hydroxide, diethytin and 
dimethyltin are reported to affect the growth rates, food 
intake and caused anemia (Kimbrough, 1976; Gaunt et al., 
1977; Ruppert et al . , 1983; 198^f). It was suggested that 
these effects may be due to unpalatabi1ity of diet, due to 
mixing of organotin compounds in food grains. Reduced body 
weight gain, lethargic conditions and generalised weakness 
in the animals treated with higher doses of DBTL kO mg/kg 
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Figure-20:- Effect of DBTL on body weight of rats 
TABLE -20 
Effect of DBTL on Liver weights 
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DBTL Dose 
(mg/kg) 
Absolute liver 
weight (gm) 
Relative liver 
weight (gm/100 gm 
body weight) 
0 (Control) 
20 
40 
5.20 ± 0.321 
5.88 ± 0.357 
6.37 ± 0.413-
3.98 ± 0.205 
4.87 ± 0.312* 
6.00 ± 0.281* 
All values are mean ± S.E. of five animals 
* P K. 0.05, when compared to controls (Students 't' test) 
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were also observed. But unpalatabi1ity of food was ruled 
out in the present study since the animals received 
stabilizer DBTL through oral intubation. However, reduced 
food intake due to sluggish condition of rats and/or poor 
absorption of the nutrients from gastrointestinal tract may 
be responsible for decreased body weight gain in DBTL 
exposed rats. In many reports, on administration to 
organotin compounds generalised illness, muscular weakness 
and even paralysis has been reported (Barnes and Stoner, 
1958; Graham et al . , 1976; Bierkamper and Basset 198^*). 
Similar effects were also observed in humans exposed to 
organotin compounds (Alajouranine et al . , 1958). 
Spermine, spermidine and their diamine precursor, 
putrescine are ubiquitous polyamines and their 
concentrations are as high in brain as in other organs but 
with considerable regional variations (Shaw and Pateman, 
1973; Seller and Lamberty 1975) Polyamines are present in 
ail parts of the neuron including axon terminals (Shaw, 
1979). Stimulation in polyamine synthesis have been 
reported in response to stressfull stimuli (Cousin et al., 
1982) and electric stimulation (Pajunen et al., 1978; 
Russell and Gfeller, 197'*) or traumatic injuries (Dienel 
and Cruz , 198'f ; Desiderio et al . , 1988) neurotoxins (de 
Vera et al., 1991 ; Porcella et a l . , 1991 ) and ischemia 
(Paschen et al., 1988). Certain synthetic pyrethroids have 
also been reported to modulate the polyamine levels in 
specific brain regions (Raghib et a l . , 1992) 
Spermidine and spermine are the cationic species 
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and have their binding sites in neuclear fraction , myeline 
and inner surface of.the synaptosomal membrane ( Shaw, 1979 
; Gilad and Gilad , 1991). Reports of neuropharmacological 
actions of polyamine suggest that these substances may 
modulate the central synaptic transmission (Shaw ,1979 ; 
Bondy and Wa1ker,1986). Studies on rat and cat brain 
neurons had shown that ployamines can influence the firing 
rate of neurons ( Wedgewood and Wo 1stencraft, 1 977 ). 
Inhibition in polyamine biosynthesis results in selective 
death of neurons (Gilad and Gilad 1983) while increased 
production of polyamines is postulated to play a role in 
cellular defence mechanism. A complete response with a 
transient increase in polyamines is assumed to be crucial 
for overcoming cellular insults and for survival. In other 
words , induction of ployamine after trauma is assumed to 
represent the attempt of injured neurons to initiate a 
protective program (Gilad and G i l a d , 1992). 
In the present study, DBTL administration caused a 
significant induction of putrescine, spermidine and 
spermine in all the brain regions studied. Organotin 
compounds are mainly metabolised in liver and inorganic tin 
is the possible metabolite formed by the destanny1 ation 
reaction. (Cremer, 1958 • Kimmel et a l . , 1977; Kappus 
and M a i n e s , 1976). Eventhough inorganic tin is not much 
neurotoxic but many other possible unidentified metabolites 
of DBTL may be neurotoxic. Therefore neurotoxicity of DBTL 
may be attributed to the DBTL per se or its metabolite 
which cross the blood brain barrier and perturb the 
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neurotransmitter levels (Alam et al . , 198801) . Furthermore, 
the increased production of poiyamines observed in present 
study on exposure to DBTL may be as a result of cellular 
defence mechanism against toxic effects of DBTL or its 
metabolites reaching the studied brain regions, since 
poiyamines are suggested to be endogenous neuroprotective 
agents which support our study (Gilad and Gilad 1992). 
In the present study frontal certex, hypothalamus 
and ponsmedulla were the regions where maximum induction in 
polyamine levels was o b s e r v e d . Alam et al . , 988oi.)have 
reported the significant decrease in the levels of 
dopamine, noradrenalin and sertonin on administration of 
DBTL for three days and h y p o t h a l a m u s , frontal cortex and 
corpus striatum were found to be the regions mostly 
affected . Induction of poiyamines observed in specific 
brain regions are in accordance with the results of Alam et 
al . , ^I9880l)which supports the notion that hypothalamus and 
frontal cortex are the brain regions which are mostly 
affected by the DBTL. 
Intraventricular injection of a few micrograms of 
spermine or spermidine produced sedation and hyperthermia 
lasting a few hours, and the animals become hyperexcitable 
(Anderson et al., 1975). Increased spermine and spermidine 
contents resulted in a rise in the level of aggressive 
behaviour (Shaw, 1979). The reverse behavioural effects 
i.e. dull, lethargy and sluggishness, observed in the 
present study might be due to other toxic effects of DBTL, 
i.e. inhibition of neurotransmitter levels and retention in 
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m e m o r y , learning ability and motor activity of rats (Alam 
et a l . , 1988ct,1993) . This can be explained by the altered 
u p t a k e , release and turnover of neurotransmitters and the 
different chemobiodynamic potential of DBTL in various 
brain r e g i o n s . Thus the DBTL induced disturbances may 
affect the normal pathophysiology of neuron and may lead to 
+ 2 
disturbed Ca homeotasis and synaptic functions, which to 
some extent can be manifested by induced polyamine levels. 
Increase in liver size and weight as observed on 
exposure to DBTL may be due to the increase in functional 
load of organs (Goldberg, 1966.Conney 1967) as explained 
e a r l i e r . Rapid induction of polyamines in kidney and 
liver have been attributed to cell proliferation, neoplasia 
or as an adaptive response against the toxins. The 
depletion of polyamines leads to retardation of cell 
p r o l i f e r a t i o n and even to cell death (Pegg and Mc C a n n , 
1 9 8 2 ; Q t l a d Gjltad^ 1983]. Hepatotoxins nephrotoxins and 
carcinogens have also been reported to modulate polyamine 
biosynthesis (Slimes, 1967; Matsui and Pegg, 1980;Cameroon 
at a l . , 1980; Matsui et al, 1981; Desiderio et al, 1987]. 
Elevated levels of polyamines have also been reported in 
renal hypertrophy produced by testosterone (Henningsson et 
a l . , 1978; Goldstone et al, 1982), and by nephrotoxins 
like m e r c u r i c chloride (Cameroon et al., 1980). M o r e o v e r , 
hormones like insuline, B, adrenergic and testosterone 
+ 2 
stimmulation of Ca fluxes, endocytosis, hexose transport 
and amino acid transport in mouse kidney cortex has been 
reported to be mediated by polyamine biosynthesis 
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(Goldstone et al, 1982; ISSk; Koeing et al., 1983fc,!985). 
In the present study dose dependent increase in 
hepatic putrescine, spermidine and spermine was observed. 
Spermidine levels were highly increased. It has been 
reported that accumulation of spermidine is chiefly 
associated with process of cell replication (Heby et al., 
1982). A close relationship between neoplasia and elevated 
levels of polyamines have been reported (Elitsur et al., 
1992). It has been suggested that increase in polyamine 
levels is a marker for cell proliferation. Therefore, the 
dose dependent increase in hapatic polyamine levels on 
exposure to DBTL may be due to an adaptive response and/or 
cell proliferation, which can be further supported by 
increase in size and weight of liver in DBTL treated 
an ima1s. 
The induction in hepatic polyamine levels may not 
be due to cell injuries or lesions, since Mushtaq et al. 
(1981) have reported that liver sections of DBTL exposed 
animals showed only uniformly distributed cytoplasmolysis 
without any apparant visible change in parenchymal ceils. 
Rat kidneys consist of significant quantities of 
putrescine, spermidine and s p e r m i n e . In the current study, 
significant increase in renal putrescine, spermidine and 
spermine was observed on exposure to DBTL 20 mg/kg body 
weight, while only renal spermidine has been found to 
increase at higher dose of D B T L . Reports indicate that a 
part of administered organotin compound may accumulate in 
kidney and then get m e t a b o l i s e d , before, renal excrection. 
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Inorganic tin, a possible m e t a b o l i t e of organotin compounds 
has been reported to inhibit the renal biochemical enzymes 
(Kappus & Maines 1976). U1trastructural evidence of 
kidneys of rats and mice exposed to certain organotin 
compounds reveal that these compounds and/or their 
metabolites perturb the normal physiology of nephrons 
(Pelikan and Cerney, 1970 a,b; Mazaev and Karolav, 1969. 
F A O / W H O , 1971). 
The induction of polyamine levels may thus be due 
to protective response against toxic effects of DBTL or its 
m e t a b o l i t e s . It may also be suggested that induction in 
renal polyamine levels on exposure to DBTL may also be due 
to cellular nephrotoxic lesions and/or proliferation of 
cells since induced polyamine levels were seen in the above 
two cases (Camaroon et a l . , 1980). These alterations in 
polyamines may be due to the numerous variables including 
altered pharmacokinetics, biotransformation of active 
components and amount of DBTL per se or its metabolites 
reaching the organs, however the exact mechanism of 
polyamine induction needs further investigations. 
Ill C . Alteration in Polyamine Levels on Co-
administration to D i ( 2 - e t h y l h e x y l ) phthalate 
(DEHP) and Dibutyltin dilaurate (DBTL) 
Results 
Neither the sign of overt toxicity nor any 
mortality was observed in any treatment group throughout 
the experimental period. The effect of treatment with 
D E H P , DBTL or both on body weight of animals is illustrated 
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in Figure 22. Controls and DEHP treated rats gained weight 
throughout the course of e x p e r i m e n t , however the animals in 
the latter group gained weight at a slightly lower rate 
than those in controls. Rats in both these groups also 
appeared healthy throughout the duration of the 
experiment. Significant decrease in body weight gain of 
animals treated with DBTL alone and in combination 
(DBTL+DEHP) was observed. Animals of this group also 
displayed a loss in activity, sluggishness and lethargy. 
No change in brain and kidney weights of animals 
in any treatment group was n o t e d . The effect of treatment 
on absolute and relative liver weights in different groups 
is shown in Table 27. Though the absolute liver weights of 
animals increased but this increase was not significant, 
however the calculated relative liver weights increased 
significantly in DBTL and (DEHP + DBTL) treated groups. 
Effect of hepat ic polyamines 
The level of hepatic polyamines on administration 
to DEHP, DBTL or both are shown in Table 28. It was 
observed that hepatic putrescine and spermidine were 
significantly induced in DEHP administered and (DEHP + 
D B T L ) co-administered rats. Percent of control change in 
hepatic polyamines is shown In F i g u r e - 2 3 . Putrescine, 
spermidine and spermine were 116% and 102%, control, 
in DEHP treated rats, 251%, 130% and 62% of controls in 
DBTL administered rats, and k97%, 153% and 108% of control 
in DEHP+DBTL co-administered rats. 
Effect on Renal Polyamines 
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Alteration in renal polyamines is shown in Table-
29, A different pattern of influence on renal polyamines 
was observed, DEHP significantly induced the levels of 
spermidine and s p e r m i n e , while putrescine levels remained 
unaltered. There were 120,8 and \2S.3k% of control level 
of renal spermidine and spermine by D E H P , DBTL 
significantly induced putrescine {\k5% of control) whereas 
inhibition in spermine levels (7k% of control) was n o t e d , 
A net effect with coadministration of (DEHP + D B T L ) w a s , 
putrescine levels dramatically increased (190% of control) 
but spermidine levels remained unaltered. Interestingly, 
the spermine levels, which were significantly increased on 
DEHP administration and reduced with D B T L , showed a 
significant decrease (80 % of control) as a result of (DEHP 
+ DBTL) co-administration in rats. Percent control changes 
in renal polyamines is shown in Figure-24. 
Effect on Brain Polyamine Levels 
As is evident from literature DEHP doesn't express 
any toxic effects on brain. Similarly brain polyamine 
levels remained unaltered in DEHP treated rats. Effect on 
brain polyamine levels is shown in Table-30, DBTL is a 
potent neurotoxicant (Alam et a l , , 1 9 8 8 a » 1993), Rats 
treated with DBTL and (DEHP + DBTL) showed a significant 
induction in polyamine levels. A 266%, 122% and 13'*% of 
controls putrescine, spermidine and spermine respectively, 
in DBTL treated rats while 301%, 137% and 153% of 
controls in levels of putrescine, spermidine and spermine 
in DEHP + DBTL treated rats was observed (Figure-38), 
190H • • Control 
o o D E H P 
-k OBTL 
^ D E H P + DBTL 
P < 0 . 0 5 
12 U 16 
Days 
Figure:-22- Ef feet of D E H P . DBTL and their co-administration 
on body weight of rats 
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TABLE- 27 
Effect of DEHP, DBTL and their co-administration on absolute and 
relative liver weights. 
Dose Regimen Absolute Liver Relative Liver 
Weight (gm) Weight(gm/100gm) 
Control (0 mg/kg) 7.48 ± 0.36 4.02 ± 0.15 
DEHP (200 mg/kg) 7.87 ± 0.26 4.31 ± 0.12 
DBTL (10 mg/kg) 8.32 ± 0.38 5.62 ± 0.18* 
DEHP (200 mg/kg) + 8.74 ± 0.43 5.63 ± 0.17* 
DBTL (10 mg/kg) 
Values represent mean ± S.E. of five animals. 
* P <( 0.05, when compared to controls (Students 't' test) 
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D i s c u s s i o n 
Decrease i n b o d y weight gain of animals receiving 
DBTL or DEHP + DBTL (co-administered) as observed in the 
present study may be due to low food intake because of the 
weak and lethargic condition of rats and/or low absorption 
of the nutrients from gastro-intest1na1 tract. Phthalate 
esters and organotin compounds induce liver weight since 
these toxicants are m e t a b o l i s e d in liver and due to 
increase in functional load, liver size and weight 
increases (Golberg, 1966; C o n n e y , 1967). 
Many studies have reported considerable amounts of 
phthalate ester accumulation in body with lung, heart,liver 
and kidney being the target organs (Autian 1973, Daniel and 
Bratt, 197'f) . Dialkyl p h t h a l a t e esters are generally 
metabolised to monoester product by enzymes present in many 
tissues to achieve sufficient polarity for renal excretion. 
In rats DEHP is first hydrolysed to m o n o e s t e r , MEHP which 
then undergoes oxidation probably in liver through stages 
of alcohol, ketone and acids to form metabolites for 
subsequent elimination through urinary excretion (Albro et 
al., 1973). Some of this m e t a b o l i s m is also believed to 
take place in kidney (Autian, 1973). Furthermore, the 
substantial evidence of u1trastructural and mitochondrial 
enzymatic alteration in liver and kidney of animals exposed 
to phthalate esters (Lake et a l . , 1975; Srivastava et al., 
1975; Ohyama 1976; Inouye et a l . , 1978, Melnick and 
Schiller, 1982), suggest the likely association of 
phthalate esters and/or m e t a b o l i t e s in altered permeability 
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of cellular membrane and degenerative functional processes 
( Luzikov, 1985). Peroxisome proliferation, a property of 
hypolipidemic agents and carcinogens has also been reported 
on exposure to DEHP and its major metabolite MEHP (Rao et 
al., 1987). Furthermore, DEHP has been reported to produce 
hepatocel1ular carcinomas and neoplastic nodules on Jong 
term feeding (Kluwe et a l . , 1982 a,b.Rao, et al., 1987), 
suggesting that DEHP can induce liver tumours. A number of 
studies revealed that polyamines play an important role in 
cell proliferation, d i f f e r e n t i a t i o n , and neoplasia (Janne 
et al., 1978; Luk et a l . , 1981; Heby, 1981; Pegg and 
McCann 1982; Tabor and T a b o r , 198^; Pegg, 1988). 
Augumented levels of polyamines particularly putrescine and 
spermidine were reported in tumour bearing rats compared 
with that found in regenerating rat liver (Slimes and 
3anne, 1967;; Russell and S y n d e r , 1968). In contrast very 
little induction was observed in the concentration of 
spermine in tumour eel 1s.(Wi11iams - Ashman et al., 1973). 
In the present study significant induction in the 
levels of putrescine and spermidine were observed. The 
similar induction of polyamine levels have also been 
reported on exposure to hepatotoxins and carcinogens 
(scalabrino et al., 1978; Matsui et al., 1981; Poso and 
Pegg, 1982; Desiderio et a l . , 1987; Elister et al., 1992). 
Furthermore, it has been documented that DEHP 
admininistration results in proliferation of hepatocytes 
(Marsman et al., 1988). In the light of above 
observations, it can be suggested that induction in hepatic 
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polyamine levels in DEHP administered rats is due to 
cellular proliferation. 
Administration of DEHP results in accumulation of 
its significant quantitites in kidneys (Autian, 1973; 
Daniel and Bratt, 1971^) , which produces adverse effects on 
normal biochemical functions. Patients undergoing long-
term hemodialysis have been reported to have acquired 
polycystic kidney disease, renal tumours and m u l t i p l e 
etai'* 
neoplasms (Dunnill^ 1977; Hughson et a l . , 1986) due to 
leaching of phthalate esters from tubings and accumulation 
in kidneys to a major extent (Lewis et a l . , 1978) and due 
to other leachates some extent (Crocker et a l . , 1988). 
Dose dependent renal histological changes have been 
reported in DEHP administered rats (Khanna et a l . , 1990). 
The changes varied from moderate to marked shrinkage of 
glomerular tufts alongwith prominent desqualation and 
degeneration of epithelial cells of proximal and distal 
tubules as well as infilteratin of chronic inflammatory 
cells in interstitial area, and has been suggested that 
DEHP produces irreversible nephrotoxic lesions. 
Rat kidneys consist of significant concentrations 
of p u t r e s c i n e , spermidine and spermine. Stimulation of 
+ 2 
Ca fluxes, endocytosis, hexose transport and amino acid 
transport by h#rmones like insulin, B-adrenergic and 
testosterone in mouse kidney cortex has been reported to be 
mediated by polyamine synthesis (Koeing et al . , 1 9 8 3 a , b j 
1985; Goldstone et al., 1982; 1984). Augumented levels of 
polyamines particularly putrescine has been reported in 
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renal lesions caused by mercuric chloride, a nephrotoxin 
(Cameroon et a l . , 1980). Furthermore, it has already been 
documented that polyamine levels increases in cellular 
injuries and in regenerating tissues. So it can be 
suggested that increase in renal polyamine levels observed 
in DEHP administread rats, may be due to nephrotoxic 
lesions produced by DEHP (Khanna et a l . , 1990) which gets 
s i g n i f i c a n c e in view of the polycystic kidney disease. 
In the present study DBTL administration resulted 
in a significant increase in hepatic putrescine and 
spermidine levels but the levels of spermine were 
significnatly decreased. In kidney putrescine levels were 
significantly induced but spermine levels were inhibited 
while spermidine levels were unaltered. 
Elevated metabolism and levels of polyamines are 
the characteristic of regenerating tissues and the tissues 
engaged in an enhanced synthesis of nucleic acid and 
proteins (Tabor and Tabor," 1984; Pegg and Mc C a n n , 1982). 
The hyperplastic and hypertrophic processess that occur 
respectively in liver and kidney of rats are accompanied by 
increase in polyamine content and in some related enzyme 
activites (Placentini et al., 1986). There is no evidance 
for tumorogenic effects of DBTL but altered levels of 
hepatic and renal polyamines may indicate the cellular 
adaptive response against the toxic effects of DBTL or its 
m e t a b o l i t e s , since polyamines do work as endogenous 
protective agents also. This may also be postulated that 
it is the initial stage of cellular proliferation. But 
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alteration in hepatic poiyamines may not be due to cell 
injuries because DBTL couldn't produce any lesions in liver 
cells. 
Co-administration of DEHP with DBTL resulted in a 
significant induction of hepatic putrescine and spermidine 
levels but spermine levels were u n a l t e r e d . A dramatic four 
fold increase of hepatic putrescine was observed similar to 
that reported on exposure to carbon tetrachloride (Matsui 
et ai., 1981; Poso and Pegg, 1982). This increase of 
hepatic poiyamines, alongwith increase in liver weight and 
size in co-administered rats suggests the increased rate of 
cellular proliferation due to cummulative toxic effects of 
D E H P , DBTL and/or their m e t a b o l i t e s . The striking increase 
in putrescine and spermidine levels with unaltered levels 
of spermine may also possibly due to increased rate of 
acetylation of spermine i.e. back conversion of spermine to 
spermidine and putrescine, but the exact machanism could 
not be explored in this study. It can be suggested that 
DEHP exerts additive inducing effects with DBTL on hepatic 
polyamine levels. 
Remarkable induction of renal putrescine levels 
was observed in co-administered (DEHP+DBTL) rats. 
£ 
Interestingly spermidine levels were unaffected but spermine 
levels were significantly d e c r e a s e d . This alteration in 
renal polyamine levels in co-administered group is similar 
to that reported on exposure to nephrotoxins (Cameroon et 
al., 1980). Since DEHP produces nephrotoxic lesions in 
rats (Khanna et a l . , 1990). This alteration in polyamine 
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levels may be due to the increased toxic effects of DEHP 
and/or its m e t a b o l i t e s , assisted by DBTL and/or its 
metabolites in producing nephrotoxic lesions. Moreover, 
decreased levels of spermine and unaltered levels of 
spermidine with remarkable increase in putrescine also 
suggest that the back conversion of spermidine and spermine 
into putrescine might be o c c u r r i n g . 
Brain polyamines play very indispensable role in 
various neuronal p r o c e s s e s . Their augmented concentrations 
have been reported not only in deve'loping neonates 
(Slotkin, 1979,; Bell and Slotkin, 1986) but also in 
response to various traumatic conditions, brain insults, 
convulsions and in ischaemia (DiSnel and Cruz, 198^^; 
Paschen et a l . , 1988; M a r t i n e z et al.,1991) in adults. 
Their putative functions in cellular defense mechanism, 
regulation of cellular ionic environment, signal pathways, 
calcium homeostasis, lipid peroxidation and interaction 
with nucleic acids have been documented recently (Gilad and 
G i l a d , 1992). 
Elevated biosynthesis of polyamines on exposure to 
neurotoxicants have been suggested to be a protective 
biochemical program essential for neuronal survival. In 
the present study DEHP administration could not result in 
any change to brain p o l y a m i n e levels. It is also evidenced 
through literature that DEHP does not affect any cellular 
and biochemical neuronal p r o c e s s e s . Unaltered levels of 
brain polyamines on DEHP administration indicate that DEHP 
and/or its metabolites may not reaching brain. On the 
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other hand DBTL administration resulted in a significant 
induction in brain poiyamine levels. Previous studies have 
also reported that DBTL inhibits the neurotransmitter 
levels and perturbs the behavioral indices (Alam et a l . , 
1988CX^. Furthermore, DBTL produces age and sex dependent 
behavioral effects in rats. Alam et al, (1993) have 
reported that females and juvenile rats are more 
susceptible to D B T L . Polyamines modulate 
neurotransmission, act as second messengers and affect the 
+ 2 
Ca uptake and release which add to its cellular defence, 
initiative in case of injury in brain. (Shaw, 1979, Gilad 
Gilad, 1992). So the augumented levels of polyamines as 
observed in DBTL administration may be due to the cellular 
defense m e c h a n i s m against the toxic effects of DBTL and/or 
its metabolites reaching brain. 
In co-administered group (DEHP+DBTL), significant 
induction in the levels of polyamines was also observed. 
This increase in polyamines was more than the increase as 
observed on DBTL alone a d m i n i s t r a t i o n . Eventhough, not 
significant in comparison to DBTL alone, the increase in 
polyamines in co-administered (DEHP+DBTL) group indicates 
the additive effects with DEHP which itself couldn't 
produce any change in brain poiyamine levels. However DEHP 
and/or its metabolites in presence of DBTL, assist DBTL to 
produce severe neurotoxic e f f e c t s . 
C H A P T E R - IV 
Alteration In activities of hepatic 
xenobiotlc metabolizing enzymes 
and cytochrome P-450 content on 
co-admlnistratlon of DEHP and DBTL in rats. 
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INTRODUCTION 
The ubiquitous presence of di(2-ethyIhexyl) 
phthalate (DEHP), one of the most commonly used 
p i a s t i c i z e r s , in the environment (Thomas and T h o m a s , 1985") 
and its detection in the tissues of the patients receiving 
blood transfusion through polyvinyl chloride (PVC) bags 
(Jaeger and Rubin, 1972) has evinced on its toxicogenic 
p o t e n t i a l . DEHP has been shown to exert hepatotoxic, 
cytotoxic and mutagenic effects and to produce renal, 
pulmonary and reproductive dysfunctions in experimental 
animals (Thomas and Thomas 1985; Seth, 1982; Tomita et at.* 
1982). Time and dose dependent changes in hepatic functions 
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with increased liver weight were also reported (Agrawal e t 
a l . , 1982; Seth, 1982; Parmar e t a l . , 1985; Ahmed e t a l . , 
1990). DEHP has been reported to affect the microsomal 
cytochrome P-^50 contents and associated m o n o o x y g e n a s e 
activities (Thomas and Thomas 1985: Parmar e t a l . , 1986). 
Agrawal e t a l . (1982) have reported the induction or 
inhibition of hepatic microsomal oxidative enzymes, 
depending upon the route of administration of D E H P . 
The organotin compounds have been shown to be 
metabolised by the microsomal enzyme system and soluble 
fraction of liver cells (Aldridge et al., 1977; Kimmel et 
al., 1977; Snoeij et a l . , 1987). Moreover, these compounds 
are also reported to produce prolonged induction of heme 
oxygenase accompanied by a decline in cytochrome P-'fSO 
contents (Rosenburg et a l . , 1 9 8 0 ) . Dibutyltin d i l a u r a t e , an 
effective stabilizer, b i o c i d e , fungicide and a disinfectant 
has been reported to inhibit the activities of microsomal 
enzymes and cytochrome P-^50 contents (Mushtaq et a i . , 1 9 8 I ) . 
It has been demonstrated that DEHP interacts and 
modifies the biological response of other xenobiotics like 
barbiturate, m e t h a q u a l o n e , parathion, ethanol and carbon 
tetrachloride (Daniel and B r a t t , 1974; Lawrence e t a l . , 
1975; Srivastava e t a l . , 1977;' Seth e t a l . , 1977, 1979; 
Agrawal e t a l , 1982, S e t h , 1982). Modification in 
biological response of xenobiotic metabolising enzymes may 
be due to the altered rate of metabolic deposition of other 
xenobiotics, as a result of their interaction with DEHP. 
D i ( 2 - e l t h y l h e x y l ) phthalate (DEHP), a plasticizer and 
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dibutyltin dilaurate (DBTL), a stabilizer have been reported 
to leach out from plastic devices into stored commodities 
(Carr, 1969; Koch and Figge; 1972; Srivastava e t a l . , 1985; 
Laurence e t a l , 1988, 1989; William Wu e t a l . , 1989; Cohen 
e t a l , , 1991 ) . 
At p r e s e n t , knowledge about the interaction of 
leachable plasticizer and stabilizer of plastics, with 
respect to their m e t a b o l i s m and toxicogenic potential in 
biological system is lacking. So, simultaneous leaching of 
phthalate plasticizer and organotin stabilizer from medical 
and food grade plastics has necessitated to study the 
combined effect of DEHP and DBTL on xenobiotic metabolising 
enzymes. 
M A T E R I A L S A N D METHODS 
C h e f n i c a l s 
Dibutyltin dilaurate was obtained from Fluka A G , 
Switzerland and pure g r a d e Di{2-ethylhexy1) phthalate was 
obtained from Ranbaxy Laboratories Limited, Bombay, India. 
Aniline h y d r o c h l o r i d e , B e n z o ( a ) p y r e n e , Aminopyrine and 1-
C h l o r o , 2 ,'•-dini trobenzene (CDNB) were procured from Sigma 
Chemicals C o m p a n y , S t . Louis M O , U S A . Nicotinamide adenine 
dinucleotide phosphate (NADP), Nicotinamide adenine 
dinucleotide phosphate reduced (NADPH) and glucose 6-
phosphate were obtained from SI SCO Research Laboratories, 
Bombay, India, and all other chemicals of analytical grade 
(AR) were obtained from BDH and SI SCO Research Laboratories, 
Bombay, India. 
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ANIMALS AND TRBATEMENT 
Wistar male.albino rats (130 ± 10 gm) obtained from 
the ITRC, Animal Breeding Colony were randomly assigned to 
four groups of five animals each. The regimen of dose 
administration is illustrated below. 
Group I : Contorls 0.2 ml groundnut oil. 
Group II : DEHP 200 mg/kg body weight. 
Group III: DBTL 10 mg/kg body weight. 
Group IV : DEHP 200 mg/kg + DBTL 10 mg/kg body weight. 
All the doses were diluted in 0.2 ml groundnut oil 
and administered P . O . for 7 or 15 days while Group I, 
control animals received an equivalent amount (0.2 ml) of 
groundnut o i l . Animals were kept in air conditioned room 
o 
(221 2 C) with a 12 h r s . light/dark illumination cycle and 
were maintained on a pellet diet supplied by Hindustan Lever 
Ltd., India and tap water ^ 1ibi tum. 
Processing of Tissues 
The overnight fasted control and treated animals 
were sacrificed after 7 days or 15 days of exposure, by 
decapitation. The livers were quickly removed and cleansed 
free of blood and other extraneous material by normal 
saline. Chilled tissues were quickly soaked on filter 
papers and weighed immediately. 
Preparation of Homogenates 
Suitable portions of liver were homogenised in k 
volumes of 1.15% KCl prepared in O.IM phosphate buffer, pH 
7.4 using Potter-Elvehjem homogeniser fitted with a teflon 
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pestle. 
Isolation of Subcellular Particles 
The liver homogenate was centrifuged at 9000 x g 
for 20 m i n u t e s in Remi K-2U centrifuge, at 0°C to isolate 
the post mitochondrial supernatant. The 9000 x g 
supernatant fraction thus obtained was recentrifuged at 
18,000 X g for 20 minutes in Sorvall RC-5B for lysosomal 
fraction. The remaining supernatant was then centrifuged at 
105,000 X g for 60 minutes in MSE Superspeed-75 
ultracentrifuge to get microsomal pellet. The residue was 
washed once with the homogenizing medium and recentrifuged 
at the same speed. The residue thus obtained was made 
homogeneous in buffered KCl with the help of Potter-Elvehjem 
homogenizer by employing 2-3 mild strokes and was termed as 
microsomal fractions. All the operations were performed at 
Enzymatic studies 
The 9000 x g supernatant was used for the 
determination of the activities of aniline hydroxylase, 
aminopyrine-N demthylase, benzo(a)pyrene hydroxylase and 
glutathione-S-transferase while the microsomal fractions 
were used for the estimation of cytochrome P-450 contents. 
The enzymatic assay procedures adopted are given below. 
Aminopyrine N-demthylase and Aniline Hydroxylase 
For the assay of aminopyrine N-demethylase and 
aniline hydroxylase the incubation mixture of 3 mi consisted 
of phosphate buffer (O.IM, pH 7.4), 10 ju moles of glucose 6-
phosphate, 0.72 /i moles of nicotinamide adenine dinucleotide 
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phosphate (NADP), 15 p moles of MgCl , 20 >j moles of 
2 
nicotinamide, 10 )i moles of different substrate (Aniline-HCl 
or Aminopyrine) and a suitable aliquot of 9000 x g 
supernatant as enzyme source. The reaction was run in a 25 
ml conical flask. After preincubation of 10 minutes without 
substrate at 37 "c, the reaction was started by addition of 
substrate and aerobically incubated for 30 m i n u t e s , with 
constant shaking in m e t a b o l i c shaker. All the reaction 
rates were determined when product formation was in the 
linear range with respect to protein concentration. The 
appearence of formaldehyde and p-aminopheno1 as products was 
monitored to determine the activities of M F O . 
Estimation of formaldehyde 
Formaldehyde formed during N-demethy1 ation of 
aminopyrine was taken as the index of N-demethy1 at ion 
activity (Cochine and A x e l r o d , 1959). The reaction was 
stopped by addition of 2 ml of Nash reagent (30% ammonium 
acetate containing Q.k ml a c e t y l a c e t o n e ) . The reaction 
mixture was heated in a boiling water bath for 10 m i n u t e s . 
The precipitated protein was centrifuged out and the yellow 
colour was read at 'f 15 nm in Bausch and Laumb Spectronic-
2000 Spectrophotometer. Known amounts of formaldehyde 
carried through the incubation and assay procedure served as 
standard (Nash, 1953). Enzyme activity was expressed in n 
moles of formaldehyde formed per m i n u t e per mg protein. 
Estimation of p-Aminophenol 
p-Aminophenol formed during aromatic hydroxy 1 ation 
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of aniline represented the aromatic hydroxylase activity of 
the system. The reaction m i x t u r e was stopped by addition of 
1.0 ml of 20% TCA (w/v) and the mixture was then 
centrifuged. To the supernatant 1.0 ml of 20% Na C O was 
2 3 
added. After 5 min phenol reagent (8% phenol in 0.8 N NaOH) 
was a d d e d . The reaction mixture was incubated for 30 
minutes in metabolic shaker at 37 C and the blue coloured 
complex thus formed was read at GkO nm (Kato and G i l l e t t e , 
1965). Known amounts of p-aminophenol carried through the 
same procedure served as standard. The enzyme activity was 
expressed in nmoles of p-aminopheno1 formed per minute per 
mg p r o t e i n . 
Benzo(a)pyrene hydroxylase 
Benzo(a)pyrene hydroxylase was assayed according to 
the modified method of Dehnen et a l . (1973). The incubation 
mixture in a final volume of 1.0 ml contained phosphate 
buffer (0.1 M , pH 25 /j mole MgCl , 10 p mole glucose 2 
6 - p h o s p h a t e , 50 /j mole nicotinamide, 1.0 mole of NADP and 
an aliquot of 9000 x g supernatant as enzyme source. The 
reaction mixture was preincubated for 10 minutes at 37 
before adding the s u b s t r a t e . The reaction was started by 
addition of 80 n mole benzo(a)pyrene in 0.02 ml of DMSO and 
was aerobically incubated at 37 for 20 minutes in a 
metabolic shaker. The reaction was terminated by addition 
of 1.0 ml of mixutre containing triton X-100 (10% v/v), EDTA 
(1% w/v) in 1 N N a o H . Flourescence of the hydroxylated 
benzo(a)pyrene metabolites was measured at excitation and 
emission wavelengths of kS5 and 520 nm respectively in an 
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Shimadzu S p e c t r o p h o t o f l u o r e m e t r e . The quantitation of the 
phenolic benzo(a)pyrene metabolites was based on comparison 
of the fluorescence of unknown samples with that of 
standards containing known amounts of 3-
h y d r o x y b e n z o ( a ) p y r e n e . Enzyme activity was expressed in 
terms of n moles 3-hydroxybenzo(a) pyrene formed per minute 
per mg p r o t e i n . 
G1utathione-S-Transferase 
The activity of glutathione S-transferase was 
determined as described by Habig et al. (IS?'*) using 1-
chloro, 2,'f-dini trobenzene (CDNB) as a substrate. The 
cuvette in a final volume of 3 ml contained 0.2 M phosphate 
buffer pH 6 . 5 , 1 m M reduced glutathione, 1 mM CDNB and a 
suitable aliquot of 9000 x g supernatant of rat liver. The 
change in absorbance at 3U0 nm was recorded at room 
temperature against blank containing all the reactants 
except the enzyme. Specific activity was expressed as n 
moles CDNB conjugate formed per minute per mg protein. 
Cytochrome P-ttSO content 
The cytochrome P-450 content was determined as 
described by Omura and Sato (1964). An appropriately 
diluted microsomal suspension was taken in two cuvettes and 
carbon m o n o x i d e was bubbled for 30 seconds. A base line 
absorbance between 'fOO-500 nm was recorded in a Bausch and 
Laumb SpectroniC-2G00 double beam spectrophotometre. To the 
sample cuvette a pinch (2-3 m g ) of sodium dithionate was 
added and mixed w e l l . The absorption at U50 nm was 
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recorded. A molar extinction coefficient of 9100 M cm 
was used for the calculation of cytochrome P-'^SO content and 
the value was expressed as n moles cytochrome P-'tSO per mg 
micros oma1 p r o t e i n . 
Protein estimation 
Protein was precipitated by 5% trichloroacetic acid 
(TCA) and estimated by the method of Lowry et a l . (1951) 
using bovine serum albumin (BSA) as the s t a n d a r d . 
Precipitated protein was dissolved in 1.0 ml of 1.0 N N a o H 
and diluted to 10 ml with distilled water. To 1 ml of the 
aliquot, 5.0 ml of alkalaine copper reagent (0.8 ml 2% Na 
2 
CO in 0.1 N NaOH and 2.0 ml of 0.5% copper sulphate in 1% 
3 
sodium potassium tartarate) was added and the solution kept 
at room temperature for 10 m i n u t e s . Colour was developed by 
the addition of 0.5 ml of Polin-Ciocalten phenol reagent 
(IN) after 30 m i n u t e s , the intensity of colour was m e a s u r e d 
at 600 nm in Bausch and Lomb Spectronic-2000 
s p e c t r o p h o t o m e t r e . 
Statistical A n a l y s i s 
The data was statistically analysed by students 't' 
test and the results were considered significant when P < 
0.05 (Fischer, 1950). 
RESULTS 
There was a gradual decrease in body weight gain of 
animals administered DBTL alone or in combination with D E H P , 
compared to controls (Figure-26). The absolute liver weight 
151 
of any of group did not change, but, when the data was 
expressed in relation to body weight, then a significant 
increase in liver weight was observed in DBTL and 
(DEHP+DBTL) coadministered group after 7 and 15 days of 
treatment (Table-31). 
The effects of DEHP, DBTL and DEHP+DBTL when 
c o a d m i n i s t e r e d , on the activity of microsomai drug 
metabolising enzymes and cytochrome P-i450 contents are in 
Table-32 to 36. 
It was observed that oral administration of DEHP 
for 7 days significantly induced the activity of aminopyrine 
N - d e m e t h y l a s e , benzo(a)pyrene hydroxylase, aniline 
h y d r o x y l a s e , g1utathione-S-transferase (GST) and cytochrome 
P-lt50 c o n t e n t s . A significant inhibition of benzo (a ) py r ene 
hydroxylase and aminopyrine N-demethylase activity and a 
decrease in cytochrome P-^50 contents was observed on 
exposure to D B T L . Activity of aniline hydroxylase remained 
unaltered while that of g1utathione-S-transferase was 
induced on DBTL administration for 7 days. Interestingly, 
when the combination of DEHP+DBTL was administered a 
decrease in the contents of cytochrome P-'fSO was observed 
whereas activity of GST was increased significantly 
following co-administration of DEHP+DBTL. The activities of 
aminopyrine N - d e m e t h y l a s e , benzo(a) pyrene h y d r o x y l a s e , 
aniline hydroxylase remained unaltered on (DEHP + DBTL) co-
administration upto 7 d a y s . 
The repeated oral administration of DEHP for 15 
days was found to significantly increase the activity of 
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amlnopyrIne-N-demethylase glutathione-S-transferase and 
cytochrome P-k50 contents. The degree of increase in the 
activities of enzymes was lesser after 15 days exposure 
compared to that after 7 days of exposure. However when 
animals were administered DBTL for 15 days the activity of 
P-k50 dependent enzymes studied, viz., benzo(a)pyrene 
h y d r o x y l a s e , aniline hydroxylase and aminopyrine N-
d e m e t h y l a s e , were found to be decreased significantly. The 
activity of GST on the other hand was significantly induced 
on repeated administration to DBTL for 15 days. In 
(DEHP+DBTL) co-administration dominant effects of DBTL were 
expressed i.e., all phase I enzymes, viz aminopyrine-N-
d e m e t h y l a s e , benzo(a)pyrene hydroxylase, aniline hydroxylase 
and cytochrome P-450 contents were found to decrease 
significantly while glutathione S-transferase activity was 
significantly increased after repeated 15 days of co-
admini s t rat ion. 
It is evident from percent of control values from 
Tables 32-36 that DEHP administration for 7 days markedly 
increased the activity of enzymes but a gradual lesser 
increase/unaiteration was found after 15 days of 
a d m i n i s t r a t i o n . But DBTL has its continued effects i.e., 
degree of inhibition in 15 days administration was more 
compared to 7 days a d m i n i s t r a t i o n , while in (DEHP + DBTL) 
co-administration DBTL acted antagonistically to DEHP in 
phase I enzymes, so the degree of inhibition in co-
administration after 15 days was higher, A synergistic 
effect of DBTL with DEHP on the activity of glutathione-S-
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transferase was o b s e r v e d . 
DISCUSSION 
The observed decrease in the body weight gain of 
animals treated with DBTL and in combination with D E H P , may 
be related to the effect of DBTL and DEHP on the efficiency 
of utilisation of food (Pillai 1983), rather than low food 
intake since the food intake was similar in both control and 
experimental a n i m a l s . The poor absorption of nutrients from 
gastrointestinal tract may possibly, account for the 
observed decrease in body weight gain of animals treated 
with D B T L + D E H P ( Barnes and Stoner, 1958 ; Mushtaq et a l . , 
1981; Gray 1977; Parmar et al; 1985) Since the DEHP and DBTL 
are m e t a b o l i s e d in liver, the increase in relative liver 
weight of DBTL and DEHP + DBTL treated animals after 7 and 
15 days could be attributed to the increase in the 
functional load of organ (Goldberg, .1966; Conney, 1967). 
Majority of PAEs and DEHP when administered orally, 
are reported to be hydrolysed in the gastrointestinal tract 
by non specific lipases to corresponding m o n o e s t e r , 
m o n o ( e t h y i h e x y l ) phthalate (MEHP) and 2 - ethylhexanol (2-
EH), which in turn, are further oxidatively metabolised by 
the P-'f50 dependent mono-oxygenases to other polar 
metabolites and eliminated from the body (Lake et al; 
1983 ). Although no evidence for the existence of 
absorption threshold has been reported for DEHP in adult 
rats, yet enhanced absorption of intact diester in liver on 
reaching a steady state has been reported earlier (Daniel 
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and B r a t t , \.97k, Thomas and Thomas, 1985). Consistent with 
the earlier studies (Agrawal et al; 1982, Parmar et al; 
1987) an induction in the activity of P-^fSO dependent 
enzymes and P-U50 contents was observed in the present study 
after exposure of DEHP to the adult rats for 7 and 15 d a y s . 
The induction in the activity of drug metabolising enzymes 
following DEHP exposure has been attributed to the self 
stimulation of mixed function oxidases primarily by the 
metabolites of MEHP and 2 - E H , since they are further 
oxidised by the same enzymatic assembly. Such an assumption 
is supported by the reports of induction of liver microsomal 
cytochrome P-U50 after prolonged exposure to MEHP and 2 EH 
(Lake et a l . , 1975; 1983; Canning et a l . , 1982). 
The induction in the levels of microsomal enzymes 
observed in this study does not appear to be due to enhanced 
rate of enzyme synthesis since DEHP does not alter the rate 
of protein synthesis (Lake et al; ISSk). H o w e v e r . the 
induction observed after DEHP exposure could be due to its 
binding with microsomes that may interfere with protein 
break down and feed back control of protein synthesis 
(Pillai, 1983). Pillai (1983) have suggested that MEHP may 
bind to microsomes that result in decreased break down of 
microsomal proteins resulting in the induction of P-'t50 mono 
oxygenases after repeated exposure to phthalates. 
A smaller degree of decrease in drug metabolising 
enzymes after administration of DEHP for 15 days in 
comparison to the animals administered for 7 days may 
presumably be due to the accumulation of plasticizer or its 
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metabolites in the liver at concentrations which might 
become inhibitory at higher concentrations. This is in 
support of previous studies which have shown that MEHP and 
2 - E H , when added In vitro to the microsomal preparations 
inhibit the activity of these enzymes (Agrawal et a l , 1982; 
S e t h , 1982). Furthermore, the differences in the 
sensitivity of the various isoforms of P-^50 towards the 
accumulated DEHP/MEHP in the liver may also account for the 
differences in the levels of P-450 observed after 7 or 15 
days of DEHP treatment (Parmar, 1987). 
The significant inhibition in microsomal enzymes 
and cytochrome P-'*50 contents observed in the present study 
on DBTL administration are in accordance with the studies of 
Mushtaq et al . (1981). A significant decrease in the 
activities of microsomal enzymes such as glucose-6-
p h o s p h a t a s e , animopyrine-N-demethylase, benzphetamine N-
d e m e t h y l a s e , benzo(a)pyrene hydroxylase, aniline hydroxylase 
and cytochrome P-450 contents have indicated the interaction 
of DBTL with the microsomal P-k50 system (Mushtaq et a l . , 
1981 ) . 
O r g a n o t i n compouds, in general, are known to be 
metabolised by the microsomal and soluble fraction of the 
liver. Inorganic tin has been reported to be one of the 
major m e t a b o l i t e formed in the liver as a result of 
destannylation process (Cremer, 1958; Kappus and M a i n e s , 
1976; A l d r i d g e e t a l . , 1977; Kirwnel e t a l . , 1977). 
Inorganic tin has been demonstrated to enhance the process 
of heme break down thereby unpairing heme dependent cellular 
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functions such as P-'fSO mediated reactions. This novel 
action of tin has been attributed to its ability to reduce 
the cellular contents of cytochrome P-U50. T h u s , the 
inhibitory effect of" DBTL on P-tt50 enzymes could probably be ' 
explained by the formation of inorganic tin as a result of 
m e t a b o l i s m of D B T L . 
Recent studies have shown that the alteration in 
the biotransformation ability of an organism may modify the 
response of other drugs or chemicals. Such a modification 
of response has been observed with DEHP. The repeated 
intraperitoneal administration of phthalates has been shown 
to produce an increase in sleeping time induced by 
pentobarbital whereas reduction was observed after repeated 
oral administration (Daniel and Bratt, 197'f; Lawrence et 
al , 1975). DEHP has also been reported to increase the 
sleeping time of m e t h a q u a l o n e , a sedative and hypnotic drug 
(Seth e t a l . , 1977 ). Seth and his colleagues have also 
shown that DEHP can modify the biological responses of 
parathion, an organophosphorus insecticide, carbon 
tetrachloride a commonly used solvent and ethanol 
(Srivastava e t . al., 1977 ^ Seth et al, 1979; Agrawalet a l . , 
1982; Seth 1982) DEHP has been found to modify the 
biological action of other drugs and chemicals by acting at 
the pharmacokinetic phase since it modifies the activity of 
enzymes responsible for their metabolic disposition. 
Since in our studies DBTL was found to inhibit the 
P-k50 dependent m e t a b o l i s m . It is possible that it ^ a y 
modify the toxicological response of D E H P , as they are also 
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m e t a b o l i s e d by same P-'fSO system. As compared to the 
significant induction in the activity of P-^tSO enzymes after 
repeated administration of DEHP alone, a significant 
^decrease in the activity of aniline hydroxylase, aninopyrine 
N - d e m e t h y l a s e , benzo (a) pyrene hydroxylase and cytochrome 
P-it50 contents was observed when DEHP was administered in 
combination with D B T L . It is possible that DBTL which 
reduces the biotransformation capability of liver may have 
prolonged the elimination of DEHP from the body resulting in 
the accumulation of intact diester or its metabolites in the 
liver at concentrations sufficient to inhibit the activity 
of these enzymes. Such an assumption is supported by the 
prolongation in the elimination half life of M E H P , formed as 
a result of hydrolysis of DEHP when DEHP itself was 
administered repeatedly to adult rats. 
Our data indicating modification of the cellular 
response of DEHP in presence of DBTL suggest that stabilizer 
interacts at the pharmacokinetic level with the elimination 
of the plasticizer . 
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